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EDITORIAL 


The micro computer trade is one area of the consumer market 
place in which we here in Britain have managed to hold our 
own. Clive Sinclair, from his days at Science of Cambridge 
with the MK14, through the ZX80/81 to the Spectrum has 
maintained a healthy share of the developing trade. Chris 
Curry of Acorn, Chris incidentally also cut his teeth on the 
MK14, has the BBC machine to his credit. The Spectrum and 
the BBC micro have between them a large share of the low-cost 
end of the micro market. 

The Americans have also managed to achieve significant 
sales in this area, from the pioneering days of Commodore’s 
first PET and Tandy’s early TRS-80 with the, still current, 
VIC-20 and continued, if steady, sales of the Atari range. 

Recently a new factor has entered the equation with the 
emergence of a string of new British companies coming on 
stream with the likes of the Oric, Dragon and Lynx. It’s witha 
certain smug satisfaction that these British products offer a 
performance/ price ratio that can give designs from any source 
a run for their money. 

If we’re not careful though — all this could change, 


History Repeats Itself? 


Those of us with long enough memories can cast our minds 
back to the late fifties, early sixties and to the fledgling hifi 
industry. It was radiograms and ‘portable’ record players that 
were then the order of the day. They went under the banners of 
names like Ferguson, Thorn and Roberts — all good British 
Companies. Then the Japanese set their sights on these shores 
and, within a comparatively short period of time, had managed 
to reduce the British industry to badge engineering in the mass 
market and to the production of high quality and cost, low 
volume products. 

The battle, such as it was, was fought on grounds of price, 
performance and reliability. 


The Far East has been strangely quiet in the £50 - £400 
computer market to date but all this is about to change. This 
issue of E& CM carries news of the Sord M5, a new low-cost 
machine from Sharp and an advert for the Comex. Just three 
machines and there are plenty more due for release in the near 
future. 

In the areas of price and performance, these imports as yet 
have nothing much more to offer than their home grown 
counter parts. In terms of reliability and delivery though they 
are set to make British computers look rather poor relations. 
No longer will British companies be able to indulge in the 
luxury of launching under developed products and treating 
delivery promises with a fair degree of scorn. 

Let’s hope that the potential threat posed by the Far East 
does not provoke demands for trade barriers but instead spurs 
the British into producing quality, high performance products 
on time. 


Price Wars 


The price war that has broken out in the £100/£200 range of 
computers has had one welcome side effect. The price of the 
ZX81 has fallen to a remarkable, all time low level. At its 
present price, it is an ideal choice for many dedicated 
applications. Our Central Heating Controller project has 
shown the way but there are a host of other applications to 
which the ZX81’s power could be applied. Granted the 
computer does not feature the most generous of Input/Output 
facilities, but one can’t have everything. 

So if you’ve ever wanted to design a sophisticated burglar 
alarm, train controller, hi-fi control unit, juke box etc., why not 
sit down and design around a ZX81, some ROM, I/O and a 
minimum amount of discrete circuitry. 

Let us know how you get on. 


GARY EVANS 


July 13th 


On Sale "Ode 


Look out for our August Issue 


ZX Sound Boards| 


Generating music with your micro is all 
the vogue at the moment. While other 
magazines have gone into the theory of 
music synthesis, Ek CM gets downto the 


ORIC 
Special 


Next month we feature an ex- 
haustive review of the software 
released to date PLUS an inter- 
face that greatly increases the I/O 
capabilities of the computer. 


pLuS 


at VIEW from Acornsoft. 


To Joy 


In the first of a series of in-depth 
peripheral reviews, the August issue 
zooms in on the joystick. 

We explain the operation of the two 
distinct types of joysticks and subject 
the best selling models to a series of 
rigourous fests. 

In addition our team will be taking a 
look at the latest joystick interfaces. 


The articles on the BBC assembler and a digitizer for the machine, held over this month due to pressure} 
onspace, WILL appear next month. We'll also conclude our look at Word Processing on the BBC with a look 


nitty gritty of the subject with designs for 
Spectrum and ZX81 add-on boards. 

These articles also explain the de- 
tailed workings of the popular AY-3-8910 
Programmable Sound Generator 
around which both designs are based. 

You may have seen similar designs 
before but they will not have been 
presented in our technically biased 
fashion. 


480Z Price Drops 


Research Machines have been doing 
rather well with their LINK 480Z 
Micro. So well in fact that they have 
been able to drop the price of the 
machine and their network products 
by up to 13%. 

In addition RM are offering a 10% 
discount on the new prices to schools 
and colleges. That takes the price of 
an L2 system down to £483 if LEA 
quantity discounts are taken into 
account. 

RM are at:- 

Mill Street 

Oxford 

OX2 UBW 


BBC WP 


Stable software are offering a full 
screen editor/wordprocessor under the 
name of SCRED. 

A major feature of SCRED is that it 
may be used both for basic programs 
and for letters or documents. 

Existing Basic may be edited by the 
package and stored in the normal 
compressed format. Documents can be 
saved and retrieved by SCRED in a 
different format that allows a variety 
of formatting controls, understood by 
the SCRED PRINT COMMAND, to 
be saved with the text. 

The package is said to be user- 
friendly as are the people at Stable 
Software. Their address for any 
further information is:- 

Millsail House 
Great Saxham 
Bury St. Edmunds 


On the grapevine 


Sharp are poised to break into the low 
cost home/business market with a 
machine designated the MZ731. The 
computer is Z80 based and thus 
capable of running CPM packages. It 
offers sound hi-res graphics (in colour) 
and has 64K of RAM. The version 
we've seen features an integral 
(ALPS?) colour printer/ plotter and 
cassette deck. It’s possible though that 
the version offered in the UK will 
consist of the main unit with 
peripherals available as extras. 

The predicted price for MZ731 is 
around £250 and it’s possible that the 
machine will be on sale as early as 
August. 


Oric Soft 


The first batch of Oric software is now 
available from dealers. The five 
packages have been specially 
commissioned and are a mixture of 
games, simulation, and a more serious 
title. 

The Multigames tape offers a set of 
five ‘family games’ while the Flight © 
tape provides an aircraft landing 
simulation, Zodiac is a rare playing 
adventure game that retails for £7.95 
as do the other games, 

Oric chess will sell at £9.99 and 
features five levels of difficulty. 
Finally Oric base, again at £9.99 is a 
Data Management program, complete 
with a manual, that incorporates an Cambridge 
easy to learn Query language. Telephone 522905 
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Computing in Cambridge 


A new firm, Cambridge Computing, 
are launching a unique joystick 
interface that is compatible with both 
ZX81 and Spectrum. 

The interface differs from the 
majority of those on the market in that 
it will work with all software 
irrespective of whether it is written for 
joysticks or not. 

For more details contact:- 

Cambridge Computing 

1 Benson Street 


Club Call Echo 


The response to last month’s 
Computer Club Call was encouraging. 
We'll start a regular listing of Clubs 
next month and we've still got room to 
mention any Club that cares to drop 
us a line with details of their up and 
coming events. 

Brief details to the editor at: 

Electronics & Computing 

Scriptor Court 

155 Farringdon Road 

London 

ECIR 3AD 
marking the envelope ‘Computer Club 
Call. 


Maplin and Heathkit 


The range of Heathkit products will in 
future be distributed by Maplin 
Electronics. 

Maplin, with its established retail 
and mail order operation were 
considered an ideal company to take 
on the Heathkit business when Zenith 
Data Systems (Heath’s parent 
company) decided to close down its 
own UK marketing operation. 

At present the full range of 
Heathkits are not available but, by 
November, Maplin will be selling the 
complete selection of products. 

Maplin are at:- 

PO Box 3 

Rayleigh 

Essex 

SS6 8LR 
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NEWS & VIEWS 


More Joy 


August this year will see the launch of 
a programmer joystick interface from 
AGF hardware. The interface is 
designed for the Sinclair Spectrum and 
ZX81 and will offer joystick 
compatability with all games software, 

The interface can be used with one 
or two Atari-compatible joysticks. The 
design allows simulation of any key by 
one of the four joystick directions and 
the fire button. The interface is 
supplied with clip-on programming 
leads which are configured on the 
vertical busbars according to a chart 
showing each key’s position. 

Full instructions will be supplied 
with the interface together with a 
demonstration cassette with a program 
that allows high resolution drawings to 
be produced under joystick control. 

The price of the interface is to be 
£32.95 plus £1.00 p&p. 


AGF Hardware are at:- 
26 Van Gogh Place 
Bognor Regis 

West Sussex 

PO22 9BY 


Econet for Z80’s 

The Econet local area network 

developed by Acorn has until now 

'. suffered from a lack of software for 
~ non-Acorn products which are all 

© 6502 based. SJ research have been 
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working on an interface card which 
will overcome the difficulty by 
allowing Z80 based systems to join 
the Econet network. The card is 
designed for research machines 380Z, 
popular among educational 
establishments, and gives the 
computer access to network facilities 
such as Five Servers (remote disks) 
and Print Servers. 

The basic price of the interface is 
£153 plus VAT. 

Under development at present is a 
similar S-100 system to Econet 
interface. 

Further information from:- 

SJ. Research 

108 Mill Road 

Cambridge 

CB1 2DB 


Let battle commence 


W. H. Smith look like they’ve started 
a price war with their £10.00 ZX81 
price cut that pre-empted Sinclair's 
own price reduction by a full week. 

The move was seen as an attempt to 
dump ZX81 stocks before being left 
with an unsellable product in view of 
the co-incidental reductions on the 
Spectrum’s price. It is said Smiths had 
20,000 81’s on their hands and the, 
thought of the £100 Spectrum 
provoked them into the price cut 
move. The rest of the ‘established 
dealer network’ were none too 
pleased. 


Cut and thrust 


Texas and Commodore are not letting 
the Sinclair price cuts go 
unchallenged. 

TI are to package their 99/4A, 
together with vouchers entitling the 
purchaser to a pair of joysticks plus a 
Beginners Tutorial Program and 
Connect Four, at a price of £149.95. 

This puts the price of the computer 
itself at around £100. 

Commodore are taking the same 
route with a deal that reduces the 
price of the VIC-20 to £85. The 
customer will have to pay £139.95 
though. It is the inclusion of the 
special VIC cassette deck, a teach- 
yourself Basic pack and four free 
games or learning packages, that bring 
the cost of the computer down to the 
£85 mark. 

Whether these ‘package deals’ will 
be as successful as Sinclair's 
straightforward price cuts when it 
comes to shifting stock remains to be 
seen. 


Thien 's aoana # Esai 
29 oy. at ate tet? 


Chewing Gum? 


A new magazine for Colour Genie 
owners avoids the problem of finding a 
new name for a publication when the 
permutations of the words 

computing/ micro/what/ which/how/ 
when have already been used, 
Chewing Gum is the name of the 
newcomer and if you are a Colour 
Genie user than this is the magazine 
for you, in addition to Electronics and 
Computing, that is. 
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NEW PRODUCTS 


F 
? 


Sanyo Newcomer 


The range of 8-bit machines from 
Sanyo is further extended with the 
introduction of two new machines, the 
MBC 1150 and the MBC 1250. 

The 1150 replaces the MBC 1000 
and offers two 5.25" drives as 
opposed to the single drive of its 
predecessors, Based on two Z80A’s 
with no wait modes, The computer 
offers 64K of RAM, 2K of video 
RAM plus the 320K bytes of storage 
of the disk drives. 

The computer's screen is configured 
as 80 x 25 lines and the detachable 
keyboard has 15 programmable 
function keys. 


The MBC1250 is a new departure 
for Sanyo — A business computer with 
the graphic capability afforded by a 
640 x 400 dot matrix display. An 
auxiliary Z80A provides a speedy 
execution of graphics functions. The 
machine again features 64K of RAM 
and a 4K ROM. 

Prices are £1,585 for the 1150 and 
£1,995 for the 1250. Both prices are 
exclusive of VAT. 


High Quality 

Reflex Limited announce the 
availability of the Electrohome ECM 
1302 high-quality, thirteen inch colour 
video monitor for the first time in the 
UK. 
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This monitor has already achieved 
considerable success in America 
especially with users of IBM and 
Apple personal computers, 

The ECM 1302 monitor is 
available with either medium or high 
resolution, allowing the customer to 
select a unit that best suits the video 
performance of the computer. The 
ECM 1302-1 has a resolution of 370 
by 235 pixels whilst the higher 
performance 1302-2 has a 580 by 235 
pixel resolution. Both monitors will 
display up to twenty-five lines of 
eighty characters to match the output 
of most personal computers. 

The Electronics colour monitors 
will be available via the established 
dealer network. Reflex also have the 
capacity to modify the monitor, or 
build special interfaces, to meet the 
needs of systems manufacturers. 


Memory Module 


Cambridge Microelectronics have 
recently introduced two ZX81 add- 
ons. The first, Promer-81, is an 


EPROM programmer retailing for 


the very reasonable price of £19.95, 
The Promer is designed for use with 
2516, 2532, 2716 and 2732 Eproms. 
All the standard programmer functions 
of CHECK, SPECIFY, READ, 
PROGRAM and VERIFY are 
provided with various safety features, 
e.g. checking the Vpp status before 
programming, also a part of the 
specification. 

The control program, supplied on 
tape, is menu driven and guides the 
user with a series of on-screen 
prompts. 

Power for the Promer-81 is supplied 
by four PP3 batteries. The unit is 
supplied fully assembled and tested. 

The second new design from 
Cambridge Microelectronics is 
designated the Cramic-81. This is a 
16K rampack based on CMOS 
memory devices. These memories 
feature a very low current to power 
them in fact with the Lithium battery 
supplied with the unit, a life of 10 
years is predicted. 

The unit can be used in tamdem 
with standard rampacks and in this 
case hardware/software switching 
allows the user to select either 16K 


block of memory 

For further details on both products 
contact:- 

Cambridge Microelectronics 

1 Milton Road 

Cambridge 

CB4 1UY 

Telephone (0223) 314814 


MPU D/A 


The Motorola MC 6890 is a new bus 
compatible 8-bit D/A convertor that 
boasts an impressive array of 
features. The device is capable of 
interfacing directly with 8-bit 
microcomputers, and is a monolithic 
convertor containing master/slave 
registers to prevent data transmissions 
during active enable: a laser-trimmed, 
low-TC, 2V5 precision bandgap 
reference; and high stability, laser 
trimmed, thin film resistors for both 
reference input and output span, the 
bipolar control. 


A reset pin provides for overriding 
stored data and forcing output current 
to zero. 

Other features of MC6890 include 
direct data bus link with all popular 
TTL level MPU’s; + 112 LSB 
nonlinearity over temperature; fast 
settling time, typical 200ns; low power 
requirement, typically 90mW; and 
+5¥V and-5V to-15V supplies. 

For full technical specifications and 
availability contact:- 


Axiom Electronics 
Turnpike Road 

Cressex Industrial Estate 
High Wycombe 

Bucks 

HPI23N 


ELECTRONICS & COMPUTING MONTHLY — 13 


NEW PRODUCTS 


Spectronics 


Elsewhere in this issue, the more 
enterprising of our readers find the 
design for a DIY Centronics interface 
for the Spectrum. For those of you 
who would prefer a ready made piece 
of equipment, a new product from 
Kempston (Micro) Electronics should 
be of interest, 

A major feature of the unit is the 
recognition of LLIST and LPRINT. 
This allows programs to be listed 
directly from the Spectrum and also 
allows printout direct from listings 
(BASIC only) without the need of 
special user calls. It is possible to send 
out control codes to the printer giving 
the facility of different characters i.e. 
condensed, expanded, etc. The 
interface is supplied cased and ready 
to use by simply plugging directly into 
any Centronics type printer i.e. all 
Epsons including MX-80F/T111, 
Seikosha 100 A, OK1 Microline 80 
etc. and also includes driving software 
which allows up to 128 characters per 
line. (Depending on printer type). 

The interface complete with 
connecting lead will be priced at 
£45.00 including VAT (Mail order 
£1.00 p&p) which includes a 12 
month guarantee. Kempston 
Electronics are at:- 

180a Bedford Road 

Kempston 

Bedford 

MK42 8BL 


Speaker’s Corner 


Cyber Robotics are now able to 
supply the Votrax speech synthesiser 
unit, 

The most interesting feature of the 
unit is its ability to receive serial or 
parallel data which is automatically 
translated into electronic speech by an 
onboard, microprocessor based, text- 
to-speech algorithm, which is accurate 
for 95% of English words. Text can 
be keyboard or computer generated — 
the unit’s vocabulary is almost 
unlimited. 

The criticism of some units has 
been the robotic-like sound produced, 
this has been considerably reduced in 
the PSS with the incorporation of 
programmable inflection and 
amplitude which permits the user to 


create more realistic speech. The 
addition of music with ADSR — 
programmable attack/decay/sustain/ 
release — which is the way musical 
instruments behave, permits great 
accuracy with creativity. 

The system also incorporates a 
built-in clock with programmable 
spoken alarms. 

The unit is small (12.3’' x 5.2" x 
3.1") and weighs in at 2.6lbs. A 


comprehensive 88 page manual covers 


all of the questions in detail. 
The price is £375 plus VAT with 
UK power supply. 
Further information from:- 
Richard Springett 
Cyber Robotics Ltd. 
61 Ditton Walk 
Cambridge 
CBS 8QD 


Print Serve 


Having saved up for a BBC model B 
its likely that it will be a few months 
before you can afford a printer. In the 
meantime, to avoid the frustration of 
being unable to list your programs, it 
will be possible to obtain a printed 
listing from your cassette tapes by 
courtesy of Beebprint. The company 
offer a return of post service and their 
charges are quite reasonable. 

A listing for a program with a 
maximum block count of £20 is £1.95 
and the excess charge to larger 
programs is 20p per 9 blocks. 

More details from: 

19 Orchard Way 

Hurstpierpoint 

West Sussex 

BN6 9UB 

Telephone 0273 833397 
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Quality Keyboard 


DK Tronics have announced the 
launch of a new Spectrum Keyboard. 
The cased keyboard has 52 keys, 12 
of which are used for a numeric pad 
that, as well as making entry of 
numeric data far easier, allows cursor 
control with one hand. 

The Spectrum must be removed 
from its original case and fitted inside 
the new enclosure — fitted bosses and 
marked screw holes make this a 
straightforward operation. There is 
plenty of room within the case for 
additional modules, for example a 
power supply and all connections and 
the expansion port are available at the 
rear of the case. 

The DK Tronics case is fully 
compatible with all existing Spectrum 
add-ons. 

Further details from:- 

DK Tronics 

Shire Hall Industrial Estate 

Saffron Walden 

Essex 

CBIIl 3AX 

Telephone 0799 26350 
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BBC Weather Satellite Display 


Michael Furminger, of Nene College, Northampton, describes a system for 
displaying Weather Satellite pictures on the BBC model B computer. 


Many schools, colleges and keen 
amateurs have, over the years, been 
tracking and reproducing weather 
pictures transmitted by American 
NOAA and Russian Meteor satellites. 
Receiving the transmission causes little 
problem, but presenting a good image 
can be very expensive if a facsimile 
printer is used, or unsatisfactory if an 
oscilloscope is pressed into service. This 
article shows how a BBC model B 
computer (or a model A + 32K memory 
+6522 VIA) can be used to present the 
picture, 

The principle of the system is to save 
the transmissions of the satellite together 
with a timing pulse on to a stereo tape 
recorder. The recording is played 
through an analogue to digital converter 
(ADC) into the computer. Line 
synchronisation is achieved using a 
clock pulse recorded with the signal. 

The satellites chosen to provide 
pictures are the American NOAA6 and 
NOAA7, both of which are in low earth 
polar orbit. NOAA6 passes at around 
08.00 and 20.00 hours, the frequency 
for the low resolution pictures being 
137.62 MHz. NOAA7 orbits such that 
a pass is around 12.30 hours and trans- 
mits at 137.5 MHz. Both satellites have 
a period of about 1 hour 41 minutes and 
precess by about 25°W. This means that 
three passes can be recorded from 
NOAA7’s mid-day passes. Once a good 
pass is received, the time for the pass on 
the next day is given by the equation: 


Time of pass = 1.69 * INT (14.22 * 
X) + BT — 24* X 
where X = number of days 

BT = Base time 


Scanning Techniques 


The pictures are produced by scanning 
Radiometers which are then transmitted 
line by line in a continuous stream. The 
signal transmitted in the 137 MHz band 
is FM and is produced by an AM 
modulated 2400 Hz carrier. 


The Hardware 


The signal transmitted by the satellites is 
in the 137 MHz FM satellite band. The 
receiver is an NBFM Kit 96640 pro- 
duced by Ambit International modified 
to accept a wider band width of 50 KHz. 

A ground plane crossed dipole aerial 
is used which enables a 20 minute 
satellite pass to be received without 
moving the aerial. 

Each line takes 0.5 seconds and is 
made up of synchronisation pulses and 
two pictures, one visible and the other 
Infra Red. 


MONITOR LOUDSPEAKER 
\/7 
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The picture built up by the receiver 
will be two pictures side by side. On a 
clear sunny day the ground can be seen 
in the visible picture and on a clear night 
in the IR picture. 


The signal is monitored with a small 
loud-speaker driven by an LM 380 
amplifier. When the signal is received it 
is easily identified, since it sounds like a 
clock ticking with a half second period. 
This signal can be directly processed by 
the ADC circuit or stored on a tape 
recorder. The signal at this stage is an 


Figure 1. Block diagram of the Weather 
Satellite Display system. 


TO COMPUTER 
USER PORT 
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AM 2400 Hz signal. The 2400 Hz 
carrier could be used to synchronise the 
picture but this is unadvisable since 
satellite signals are prone to fade and 
interference, 

To achieve synchronisation of the 
picture a 10 MHz crystal oscillator is 
divided down to a suitable clock rate of 
4000 Hz which is filtered by an inductor 
capacitor network and recorded with the 
satellite signal onto the other channel of 


-8V 


the tape recorder. The signal filtering 
was necessary since recording square 
waves onto magnetic tape produces 
severe distortion. This is avoided if the 
square wave is ‘rounded’ by the filter. 
The clock uses an RS crystal oscillator 
trimmed with a variable 10p capacitor. 
This is then divided by a series of CMOS 
dividers. The clock signal could be re- 
placed by using the BBC 1 MHz bus 
clock divided by suitable TTL or CMOS 


Figure 3. The circuit diagram of the 4018 dividers that produce the 2Hz signal that 
triggers the 4528 monostable that produces the 1uS trigger signal. This section is 
preceded by a Phase Locked Loop that allows a slight frequency slip in order that the 
final picture may be correctly framed. 


When pins 4 and 5 are connected the 
PLL will lock into the clock frequency 
from the 4000 Hz stage. This clock is 
then divided down to 2 Hz by a series of 
CMOS 4018 dividers and finally a short 
pulse is produced by the 4528 mono- 
stable. The pulse width is set by the 4k7 
resistor and 100p capacitor. This is not 
critical but is best left at approximately 


JULY 1983 


lus. Since the clock is CMOS it may be 
powered by batteries or by a suitable 
+6; 0, -6 volt supply. 

The analogue to digital converter 
(ADC) interface is based around the 
Ferranti ZN447 ADC. This is a very 
fast ADC with conversions in 9us. The 
BBC computer has a built-in ADC but 
conversion time is only 10ms, which is 


© +6V 
Figure 2. The circuit 
diagram of the systems 
10MHz clock and the 
CMOS dividers that 
produce the 4kHz signal. 


circuits. 

The signal from the 4000 Hz stage, 
either direct or from the tape recorder, is 
then fed into a Phase Lock Loop (PLL) 
NES65A. The object of this stage is to 
enable a slight slip in frequency which 
allows the received picture to be framed 
properly. The PLL is set to a slightly 
lower frequency than 4000 Hz so that 
when pins 4 and 5 are disconnected there 
will be a slow picture slip to the left. 


TRIG TO 
COMPUTER 


adequate for most purposes, but not fast 
enough for this job. 

The amplitude modulated signal re- 
quires filtering rectification and 
amplifying before the ADC can convert 
the signal. This is done with a 3140E 
CMOS Op Amp with the negative 
power supply pinned to earth. The 100k 
feedback resistor allows for a wide range 
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of gain settings. The 470n capacitor on 
the output of the 3140E filters out the 
2400 Hz carrier. 

The ADC requires a 4k load on the 
analogue input. The internal clock is set 
with a 68p capacitor to about | MHz. 
The negative supply of the ADC is 
provided by a diode pump using part of 
the 74LS04, The 74LS04 is used to 
buffer and invert the trigger clock pulse. 

The conversion is started by WR 
going low for at least 200ns and then 
high. This is controlled by the CB2 line 
from the computer user port. The end of 
convert signal is produced by the BUSY 
line going high. This is detected by the 
CB1 line of the user port. The output is 
tristate buffered, but in this case is held 
low by a4k7 resistor to the RD line. The 
ADC draws power from the computer 
and so this circuit can be used for any 
high speed data gathering applications. 


Constructional Details 


Apart from the Ambit Receiver all 
circuits were built on Vero rail board 
which proved a simple and reliable 
method for these circuits. The CMOS 
clock circuit requires the usual static 
precautions in assembly. The +5 stages 
may require a 100n decoupling 
capacitor across the supply. 

The CMOS Clock can be trimmed in 
operation by adjusting the 10p capacitor. 
When the clock is not at the correct 
frequency the picture will very slowly 
drift to the left or right of the screen. 

The ADC proved no problem in 
assembly or testing. 


Typical output from the system. 


The Software to produce a picture 


There are two programs to produce false 
colour pictures, One in mode 1 with 320 
by 256 pixels and a choice of 4 colours. 
The other is in mode 2 with 160 by 256: 
pixels and an eight colour choice. 


3140€ a 


° ‘4 
SIGNAL FROM Rx 
{© 2V pp} 


PROJECT 


oP) TRIG PULSE 
FROM CLOCK 


OUT cat 


Figure 4. The circuit diagram of the ADC. This is based around the 
ZN447 IC that is capable of very fast (<9uS) conversions. The 
74LS04 is used as a diode pump to produce the negative supply rail 
required by the ADC device. 


At first glance a simple BASIC 
program would produce a line by line 
picture, but even with BBC BASIC’s 
speed it is much too slow. It is, however, 
a good idea to look at the program shown 
in Table 1 since this is the core of the 
machine code routine. 


10 MODE 1 
20 FOR Y% = 1023 TO 0 STEP — 4 
30 FOR X% = 0 TO 1279 STEP 4 
40 PROCADC 

50 GCOL 0, D% 

60 PLOT 69, X%, Y% 
70 NEXT: NEXT 

80 END 


There are in essence two loops to pro- 
vide the Horizontal scan and Vertical 
scan, At line 50 a ‘GCOL’ statement 
chooses a colour dependent on ADC 
output. The PLOT 69 at line 80 will 
produce only single points on the screen. 
The routine would work with a suitable 
procedure to operate the ADC and scale 
the output. The routine shown in Table2 
can be used to test the ADC. 


Detailed description 


The full programs use these principles, 
the explanation of the Mode 1 program 


Table 1 
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follows. In this program the only OS 1.2 
statement is the VDU 23 cursor control 
line. In OS 0.1 change line 990 to VDU 
23;8202;0;0;0 and delete line 1020. A 
fully tube compatible program is too 
slow for mode 1 with the on board 
processor, however when a second 
processor is used this program may be 
converted. 

The program lines 30 to 180 define 
address of the 6522 and set up the port. 
Lines 230-310 are the restart routine 
which clears the keyboard buffer and 
stores the address of the top left screen 
pixel into zero page. 


100 DEF PROCADC ; 

110 PB = FE60_—: REM Port B address 

120 DDRB = FE62: REM Data direction register 

130 PCR = FE6C : REM Peripheral countrol register 
140 ACR = FE6B : REM ancillary control register 


150 FR= FE6D_ : REM flag register 

160? DDRB=0_ : REM set for input 

170? ACR=2 — : REM latch data 

180? PCR= 16 ; REMCBI set FR on a low to high, 
CAI set FR on high to low 

190 ? PCR= 208 : REM CB? low, clear ADC 

200 ? PCR = 240 : REM CB2 high, start ADC 


210 IF FR AND 16 THEN 230 ELSE 210 
220 REM wait for CBI high, end of convert 
230 D% = INT (? PB/64) 
240 REM collect data and scale for mode | 
250 ENDPROC. 
Table 2 


a 
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PROJECT 


The Mode 2 Program 


>LIST 
1QREM 0S1.2 MODE2 PICTURE 


20REM SET UP PORT 


3OMODE2 

4OPR=2FE61 

SQOPB=2FE6Q 

6@0DRB=t.FE62 

7@DDRARLFE6S 

S@PCR=2.FE6C 

S@ACR=2.FES6B 

19QFR=2.FE6D 

11 Q@0SWRCH=8.FFEE 
12Q@0SBYTE=8.FFF4 

13@VERTL=8.70' VERTH=8.71 
14QHORZL=&72 'HORZH=&.73 
15@7DORB=0:'REM INPUT 
16070DRA=255:REM OUT 
17@7ACR*2:REM PB LATCH ENABLE 
18@7PCR=16'REM CB1 LOW TO HIGH.CAL H-L 
19@DIM PICTURE 2a0 
2QQFORZX#OTO2 STEP 2 
21OPX%=PICTURE 

22QL0PTZ% 

225SE1'CLD 

232.RESTART LOR #15:LDX #1: JSR OSBYTE 
24QLDA #2 

259STR HORZL: STA HORZH 

26QLDAR #&FF:STA VERTL 

278LDA #3:STA YERTH 

268.L LDA FR SWATT NEW LINE 
29@AND #2 

30@BEQ L 

31QSTA PAXCLERR FLAG 

32@.NL LOA FR \WRIT NEW LINE 
33Q@AND #2 

34@BEQ NL 

S5@STR PANCLEAR FLAG 

36@.START LDA #288 \CBZ LOW THEN HIGH 
37@STA PCR 

3EBLDA #249:STA PCR 

39@.LO0P LDA FR “HANDSHAKE ADC 
4Q@AND #16 

41@B8EQ LOOP 

42QLDA #18 \GCOLO. PB’32 

438SR 

442LDA 

458ISR 

468LDA 

47OLSR A:LSR A:LSR A'LSR A'LSR A 
48@JSR OSWRCH 

490LDR #25 \PLOT6S9.HORZL.H.VERTL.H 
SQ@BISR OSWRCH 

S1@L0A #69 

S20/SR OSWRCH 

S3Q@LDA HORZL 

540JSR OSWRCH 

SS@LDA 

560JSR 

S7@LDA 

588JSR 

S98LDA 

62@2ISR 

61QLDY 
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720BERQ START 
738.L2 INC HORZH 

748LDA HORZH 

7S5QCMP #5 

76QBNE L4 

77OLDA #129°LOX #B'LDY #@:JSR OSBYTE 
7BQCPY #O:'BEQ Rt 

7S@CPY #218:BEQ ESC 

GO@LDR #2 

@1@STA HORZL'STA HORZH 

S2QLDY #4 

832.01 DEC VERTL 

B4QBEQ 22 

959.93 

S6OBNE 

S70IMP 

882.92 

S9@LDA VERTH 

SQQCMP #255 

Si@BNE Q3 

92QCLI 

938RTS 

942.R1 LDA #16:JSR OSWRCH 

95QJMP RESTART 

962.ESC LDR #126'JSR OSBYTE 
97@CLI'RTS 

9891 

S9QNEXT 

{@Q@REM PICTURE CHOICE 

{@1QMODE4 

1@Z2QPROCINFO 

L1Q3QMIDE2 

1O4QVDUZ2. 1.859500; 

L@S@REPEAT PROCPIC 

1Q6QUNTIL FALSE 

LA7QVDUZS.1,17019:0; 

1@SQEND 

129@DEF PROCINFO 

L19SCOLQURL31 «COLOUR@ CLS 

LLLQPRINT TABC 1.5): "SLOW SCAN PICTURE 
CMF. Furminger 282" 

{12OPRINT TABCS. 19). "COLOUR CHOICE Mopee” 
119QPRINT 

114@PRINT"BLACK : RED: GREEN: YELLOW: BLUE : MAGENTA 
CYAN: WHITE ENTER 1" 

LISQPRINT 

LIS@PRINT "BLACK: MAGENTA: RED: YELLOW: GREEN: BLUE: 
CYAN:WHITE ENTER 2" 

L17@R=GET 

118@IF R=%31 THEN 1209 

Li99IF R=&.32 THEN PROCCOL ELSE1174 
{2QOPRINT TABC PO. 16>: CHREC RY 
L21@PRINT TORS. 209: "TO START PRESS ‘SPANK’ ” 
{22QPRINT 


{23Q@PRINT"TO RESTART AT TOP LEFT HOLD GaWM “SrArE: 


SHOPRINT TERCS i "TO ESCAPE PRESS “ESCAPE?” 
SPRINT TABCS, 289; "WHEN PICTURE IS COMPLETES 
GQO2VINT TARCS, 2A3 "PRESS 'SEACS' TH CONTINUE” 
S7EREPEST UNTIL GET=3z 

SCENDPROT 

S@DEF PROCPIC 

CLS OLS 

SPLL PICTURE 

REPEAT UNTIL GET=22 

SENDP ROC 

349DEF PRACSO 

{25QVDING. 1-5: 

LR6QVOUIE. 2.1: 

LA7AVDULS. 4.25.83 

LR8@VOULS. B. 4:8; 

139FENOPEOC 


36) 6) 19 DA) Po AIT 


31 


24 
a 
@ 
ba 


bee pe A Se cee pe he Ee pe ee ee 


Dd id fy 


y 


ELECTRONICS & COMPUTING MONTHLY — 23 


The Mode 1 Program 


1@REM OS1.2 MODEL PICTURE 
2QREM SET UP PORT 

2QMODE t 

40PR=%,FE61 

5OPB=R FERS 

6@0DRB=8,FE62 

7@DDRA=2,FE6S 

BQ@PCR=8.FE6C 

SQACR=RFE6B 
1Q@FR=2.FEED 
1 LQOSHRCH=8.FFEE 
12@0SBYTE=3.FFF4 
{3OVERTL=&,70 « VERTHEL? 1 
{4QHORZL=£72 : HORZH=873 
{SA7DORB=O:REM INPUT 
16Q7DD0RAS255 REM OUT 
1787ACR=2:REM PB LATCH ENABLE 
{SO7PCR=16:REM CBI LOW TO HIGH.CAL H-L 
19QDIM PICTURE 200 
2OQFORZu=OTO2 STEP 2 
210P%=P ICTURE 
22ALOPTZx 
225SEI «CLD 
239.RESTART LOA #15:LOX #1:JSR OSBYTE 
240LDA 4 
25@5T9 HORZL:STA HORZH 
26OLDA #&FF-STA VERTL 
270LD9 #3:STA VERTH 
280.1 LOA FR \WAIT NEW LINE 
2SQRND #2 
3QQRER L 
31QSTA PASCLEAR FLAG 
32@.NL LOA FR \WAIT NEW LINE 
33@AND #2 
34QBER NL 
3508TA PAXCLEAR FLAG 
360.START LOA #208 \CB2 LOW THEN HIGH 
37QSTR PCR 

380A #248'STA PCR 
390.L00P LOA FR “HANDSHAKE ADC 
4QQAND #16 
419BEQ LOOP 
42@LDA #18 \GCOL3,PB-64 
43QSP OSWRCH 
44QLDA #0 
45QSR OSWRCH 

460L0A PB 

47@LSR A:LSR A:LSR A:LSR A:LSR A:LSR A 
48Q/SR OSLIRCH 

490LDA #25 \PLOT69.HORZL.H. VERTL.H 
SQQISR OSWRCH 

S1WLDA #69 

S20JSR OSWRCH 
53@LDA HORZL 
S4QJSR OSWRCH 

S5@LOA HORZH 

S6QJSR OSWRCH 
S7OLOR YERTL 
S8QJSR OSWRCH 
590LDA VERTH 
60@JSR OSWRCH 
61GLDX #49 ~DELAY 
620.D DEX 
630BNE D 
640LDM #4 

659.1 INC HORZL 

660BER L2 

679.L4 DEX 

69@BNE L1 

69@BEQ START 
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780.L2 INC HORZH 

71@LDR 

72BCMP 

738BNE 

74O@LDR #129:LDOX #8: LOY #8: JSR OSBYTE 
7SBCPY #9:BEQ R1 

76QCPY #&1B:BEQ ESC 
77@LDA #08 

788STS HORZL:STA HORZH 
TI@LDY #4 

888.Q1 DEC YERTL 

B1@BEQ a2 

820.03 DEY 

S83OBNE @1 

84@JMP NL 

650.92 DEC VERTH 

86QLDR YERTH 

S7OCMP #255 

S8@BNE 23 

S9QCLI 

98@RTS 

91@.R1 LDA #16'JSR OSWRCH 
9Z2@/MP RESTART 

930.ESC LDR #126:JSR OSBYTE 
948CLI' RTS 

9503 

S6QNEXT 

S7QREM PICTURE CHOICE 
S8Q@PROC INFO 
998YDU23.1,0;80i:958: 
1LQQBREPERT PROCPIC 
1@1QUNTIL FALSE 
192OVOU2]3.1,150:0:8) 
1@3QEND 
184QDEF PROCINFO 
1M5ECOLOURL31 : COLOUR@: CLS 


196@PRINT TABC1,5); "SLOW SCAN PICTURE 


CM.F.Furminger 2783)" 

1Q87@PRINT TABCS,.1@>; "COLOUR CHOICE MODE1" 
1@8@PRINT 
LASQ@PRINT’ BLACK: RED: YELLOW: WHITE ENTER ’1’ 


BLACK RED:GREEN' BLUE ENTER ‘2 


11@@R=GET 

111G1F R=&31 THEN 1138 

112@IF R=&32 THEN PROCCOL ELSE1100 

113@PRINT TABC 35, 12>; CHRSCR> 

Li4@PRINT TRECS,20>)"TO START PRESS ‘SPACE*” 
LiSQ@PRINT is 

IL6Q@PRINT"TO RESTART AT TOP LEFT HOLD DOWN ’SFPRCE’" 
117@PRINT TABCS)i"TO ESCAPE PRESS ’ESCAPE’" 
LAG@PRINT TABCS,26); "WHEN PICTURE 1S COMPLETE" 
119@PRINT TABCS,3@>; "PRESS ‘SPACE’ TO CONTINUE" 
12Q@REPEAT UNTIL GET=32 

1219ENDPROC 

122@D0EF PROCPIC 

123@CLS ‘CLG 

124@CALL PICTURE 

{25O0REPEAT UNTIL GET=32 

1269ENDPROC 

127Q@DEF PROCCOL 

128@VDU19,2,259; 

1290VDU19.3,.45 8; 

1 3@QENDPROC 
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Lines 320-350. Waits for the next 
new line to ensure picture synchronisa- 
tion, 

Lines 360-410. The ADC routine 
uses the CB2 to start convert and CB1 to 
indicate end of convert. 

Lines 420-480. This is the GCOL 
statement to set colour of pixel. Each 
LSR A in line 470 provides an integer 
divide by 2. 

Lines 490-600. This is the PLOT 69, 
X, Y routine using high and low bytes of 
each address, 

Lines 610-630. This is a delay to set a 
screen full time to about 125 seconds. 
128 seconds being the actual time of a 
screen to fill so this effectively stretches 
each line a little so that uninteresting 
timing marks can be ignored. Line 610 
may be increased up to #50. 


Lines 640-730. 
Horizontal scan. 

Lines 740-760. Enable a restart or 
escape at the end of each line. 

Lines 770 to 880. Decrements the 
Vertical counter. 

Line 890. Clears the interrupt mask 
set in line 225. This ensures exact timing 
along each line. 

Lines 910 to 920. Perform a CLS to 
clear screen. 

Finally lines 930 to 940 acknowledge 
an escape condition. 

The Basic procedures are very 
straightforward. PROCCOL uses the 
VDU 19 statement to change the logical 
colours. Any four of eight colours may 
be used. 

The Mode 2 program is basically the 
same the only differences being in the 


Increment the 


horizontal counters and in the delay 
loop, this being very much longer. 


Conclusions 

The overall result is a cloud cover 
picture in visible and Infra red which is 
of reasonable resolution but with the 
distinct advantage of colour, the colour 
enabling easy analysis of the pictures. 

The ADC and the computer program 
together make up a useful package for 
anyone interested in receiving slow scan 
TV pictures from any source. 

Grateful thanks are expressed to: Dr. 
Trevor Harris of Leicester University 
Physics Department for the clock circuit 
design. Mr. Hubert Luxton for the 
alignment of the Ambit Receiver. 

And Nene College for development 
facilities, 
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TECHNICAL FEATURE 


MEMORIES 


In part five of the series “Understanding Digital Electronics”, J. Oliver Linton 
explains the internal workings of semiconductor memory devices. 


The terms static or dynamic RAM and EPROM are familiar 
enough but the internal workings of these devices are probably 
more of a mystery. An understanding of the topics covered in 
earlier parts of this series will, however, enable the basic 
principles of these memory devices to be mastered. 

To start with we'll look at a typical RAM IC, the 2102. 
The logic symbol for the device is shown in Fig 1. It has 10 
address lines, which means that it can address 1024 memory 
locations (21° = 1024). It only has one Data input line 
however, which implies that each memory location can only 
store one bit. It is therefore referred to as being one bit wide 
and is organised as 1024 x | bits. In common with nearly all 
memories it has two control lines; a chip enable or chip select 
line(CE) and a read/write line(R/W). The final line shown in 
Fig | is the Data output line. 

In order to write a single bit of information into the 
memory, the appropriate address is set up on the 10 address 
lines while the CE and R/ W lines are both HIGH (i.e. the chip 
is NOT yet enabled). The data is then set up on the data input 
line and the CE and R/ W are both taken LOW for about 100ns 
during which time the data is written into the appropriate 
register in the memory. Reading from the memory is equally 
straightforward. The desired address is again placed on the 10 
address lines but this time the read/write line is left HIGH, and 
only the chip enable line is taken LOW. After a maximum of 
100ns the data which was previously read into the location will 
apprear on the data output line. Incidentally, while both the 
control lines are HIGH, the data output line (which is a tri- 
state output) is in its high-impedance state. 

How it works 

The 2102s logic diagram is shown in Fig 2. Each memory 
location is a D-type latch which can store one bit. The 10 
address lines are decoded into 1024 separate lines which are 
used to gate both the clock inputs to each of the latches, and the 
outputs from the latches. (In practice, the latches are arranged 
on the chip in a rectangular array of 32 rows and 32 columns, 
with 5 address lines connected to each of two one-of-32 
decoders. Since there are, however, 1024 unique crossing 
points, we may think of this arrangement as being equivalent to 
a single one-of- 1024 decoder). The clock pulse which causes a 
bit to be read into one of the latches is derived from a gate 
which goes HIGH only when both the read/ write and the chip 
enable line are LOW (i.e. a NOR gate). Because the clock 
pulse must reach only one of the latches, this output is ANDed 
with one of the outputs from the one-of-1024 decoder ( which, 
for the purposes of this description, are assumed to be active 
HIGH). When this pulse reaches the appropriate latch, the 
current state of the data input line is written into the latch. As 
soon as either the read/write line or the chip enable line goes 
HIGH again, the clock lines all go LOW and the latches are all 
locked out preventing any data from being written until the 
next time. 
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Figure |. The logic system for a typical RAM IC - the 2102. 


Figure 2. The logic diagram for the 2102 IC. 


When a particular latch needs to be read, the appropriate 
address is again placed on the address lines causing one of the 
NAND gates on the outputs of the latches to become enabled. 
This output is the one required but, because all the other 
NAND gates are disabled, all their outputs will be HIGH. 
Somehow, all these outputs must be ANDed together so that 
the HIGH outputs will not swamp the one we need, Now a 
1024-input AND gate is quite impracticable, and in any case 
there is a much easier way. The NAND gates which gate the 
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outputs from the latches are a special type known as open- 
collector outputs. They have the property that they do not 
actively assert a HIGH output, but they do pull the output 
LOW when required. Any number of these outputs may be 
connected together and if any one or more outputs go LOW, 
the overall output will be LOW. The only slight trouble is that 
when all the outputs are HIGH, the resultant output will float 
rather than properly asserting a HIGH state. For this reason, a 
resistor is connected from the common output line to the 
positive supply rail. This arrangement is sometimes called 


‘wired- AND” because one gains the effect of an AND gate 


simply by wiring the previous outputs together. 

Finally, the now single date output line is passed through 
an inverting tri-state buffer. An inverting buffer is used to 
cancel out the effect of the previous NAND gate. This buffer is 
enabled only when the chip enable line is LOW — hence the 
need for the inverter in its own enable line. It is worth 
mentioning that this buffer is enabled during write as well as 
read operations. Data can therefore be read and written (to a 
particular latch) simultaneously. 


ADDRESS 
LINES 


CONTROL jaa 
LINES 


Figure 3. The 2114 is a 1K x 4 RAM device. Its logic diagram 
shows the organisation of the data, address and control lines. 


Greater capacity 


The 2102 is not a particularly suitable chip to use in a 
microcomputer because it is only one bit wide. In order to store 
1K bytes of information, it would be necessary to have eight 
chips, each handling one of the eight bits in a single byte. The 
2114, which is used in anumber of home computers stores four 
times as many bits as the 2102 and yet it needs only two more 
pins. How is it done? The logic symbol shown in Fig 3 shows 
the basic principle. Like the 2102, the device has 10 address 
lines, but instead of having one data input and one data output, 
it has four data lines which serve as both input and output. This 
arrangement which uses the same pins for both purposes is 
ideal for a computer which has a single data bus carrying data 
to and from the microprocessor. The outputs are, of course, tri- 
state. 

The 2114s logic diagram is shown in Fig 4, and is only a 
little more complex than that of the 2102. Instead of just one 
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latch, each decoded address line goes to four latches. Th 
clock line (for writing) is decoded in exactly the same way a 
before and is connected to all four latches in one register so tha 
all are written to simultaneously. The outputs from the latche 
are NANDed as before and their outputs commoned togethe 
in the familiar wired-AND arrangement. The only rea 
difference is that two sets of tri-state buffers are provided, on 
on the input lines and one on the output lines. These are gate 
in such a way that both are disabled when the chip enable lin 
is HIGH, and when the chip enable line is LOW, only one se 
is enabled depending on the state of the read/write line. For th 
purposes of the diagram, the input buffers are shown as non 
inverting types, while the output buffers are inverting. This i 
to ensure that the data which is read is of the same polarity a 
the data written. (It should be borne in mind that a diagram lik 
this is merely illustrative and should not be regarded as | 
necessarily exact representation of what is to be found inside ; 
real chip. In any case, different manufacturers are at liberty t 
organise the insides of their chips how they like; what i 
important is an understanding of their workings from a 
operation point of view). 


Still more memory 


Suppose now that we wish to use a number of 2114s to make | 
4K RAM - i.e. 4096 words, each word being a single byte o 
eight bits. We will require an eight bit data bus(D0O-D7) and; 
twelve bit address bus( AQ-A11, 21? = 4096). Since the 21 1¢ 
has only four data lines, we must use them in pairs, each devic 
only storing half a complete word. As for the address lines, A( 
to A9 can be connected to all the chips at once, but the othe 
two lines A10 and Al1 must be decoded so as to enable onl 
one pair of chips at any one time. The read/write lines can al 
be connected together. The complete circuit is shown in Fig 5 

We have seen earlier in this series that a D type late! 
requires six or more gates. It follows that a single 211+ 
contains about 24,000 transistors, not including the necessar 
decoding circuitry. If it was built using standard TTI 
integrated circuit technology it would be far too large. A 
present, memories of this size are made under large scal 
integration( LSI) using NMOS gates. Readers may be familia 
with the other major logic family~ CMOS or Complementary 
Metal Oxide Silicon logic. NMOS is a version of this famil; 
which uses n-type MOS transistors only, the advantage bein; 
that the transistors can be made much smaller. A lot more dat 
could be stored on a chip if it was possible to use just on 
transistor to store each bit. This can be done using NMOS 
Field Effect Transistors in a way that does not use D-typi 
latches at all. 


Dynamic Devices 


Field Effect Transistors (FETs) have an exceedingly hig] 
input impedance — that is to say, the base of such a transisto 
takes a very small current indeed. The base can also be 
regarded as a very small capacitor which can store a minute 
quantity of charge that can keep the transistor on. A singl 
FET can therefore act as a memory element storing a 1 wher 
the capacitor is charged and the transistor ON, and a0 wher 
the capacitor is discharged and the transistor OFF. Th 
trouble is that, in spite of the very high impedance of th 
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oc acs a eat? 
Jo =a same + 
1 OF 1024 
Le CLK er LK Te! | ar te CLK 
[ies = 


Te | Figure 4. The logic diagram of the 2114. The diagram looks intimidating but operation is 
very similar to that of the less complex 2102. 
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Figure 5, By using a number of 2114 devices, a practical, byte wide, memory system can be 
realised. 


transistor, the charge still manages to leak away quite quickly. 
It can, however, be replaced if the memory is refreshed every 
2ms or so by accessing each of the elements in turn. Such a 
memory is called dynamic rather than static. Its advantage is 
that you can get four times as much memory on the dam area of 
silicon and at the same price as with static RAM but the 
associated circuitry is rather more complex owing to the 
necessity to provide the refresh signals. The 4116, for 
example, stores 16,384 single bit words and just eight of these 
devices would add 16K of memory to your computer. The 
64K-bit memory already exists and larger memories are well 
on the way. The 4864 is a64K-bit memory that combines the 


advantages of both static and dynamic memory. It is in fact a_ 


dynamic memory with single transistor storage elements, 
but it contains on chip most of the extra circuitry necessary to 
refresh the memory so that it appears to behave like a static 
memory. Because of their high storage density and ease of use 
we can expect to see a lot more of these devices in the near 
future. 


EPROMS Explained 


An EPROM like the popular 2716 is very similar to a dynamic 
memory in that it too uses n-channel MOSFET transistors as 
storage elements. The write circuitry is, however, simplified so 
that the charge on the base leaks away very slowly indeed — 
with a time constant measured in tens of years rather than 
milli-seconds. Once programmed, therefore, the device will 
retain its data even when the power is turned off. A logic 
symbol for the 2716 is shown in Fig 6. 

In normal (read only) mode, Vpp is held at 5V and 
CE/PGM is LOW (i.e. the chip is enabled for reading, not 
writing), When the OE pin is HIGH, the tri-state outputs are 
in their high-impedance state so that they do not interfere with 
any other data that might be on the data bus. When it is 
necessary to read a byte of data from the memory, the 
appropriate address is set up on the address lines and the OE 
(output enable) pin is taken LOW. The data then appears on 
the output lines. In this respect, the 2716 behaves like an 
ordinary memory with the output enable pin doing the job of 
the more conventional chip enable pin. 

Programming the 2716 is a different matter. First, a25V 
supply is connected to the pin named Vpp. CE must be LOW 


. 
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Figure 6. The lock symbol of the 2716 
EPROM that will retain its data when the 
power is turned off. 


and OE must be HIGH. Under these circumstances, the 
output lines double as input lines as well. When the 
appropriate address and data lines have been set up, CE/PGM 
is taken HIGH for between 45ms and 55ms. This applies a 
25V pulse to the appropriate transistors, charging up their base 
capacitors by a process known as ‘avalanche breakdown’. 

It does not concern the user very much but in fact a 1 is 
represented by a discharged capacitor and it is the Os which 
are read into the memory. This explains why a blank EPROM 
appears to be full of 255s rather than zeroes. The data can be 
verified even while Vpp is at25V simply by taking OE LOW 
again. These different modes are summarised in Table 1. 

Erasing an EPROM is accomplished by placing it under a 
strong ultra-violet light for about 20 minutes. The UV light 
literally knocks the electrons out of the base capacitors thus 
effectively discharging them. It should be remembered that 
sunlight and even fluorescent light may contain sufficient UV 
light to cause partial erasure. 


Table J 


Mode 


Vpp | CE/PGM 


Outputs 


5v Standby | High impedance 
5v Standby | High impedance 
5v Deselect | High impedance 
5Vv Read Data out 


‘HIGH Program | Data in 
25v | HIGH Standby | High impedance 
25v | LOW Inhibit High impedance 
25v | LOW Read Data out 


2716 EPROM modes 


To the future 


As with all memories, larger and larger versions are on their 
way and the cost per bit keeps tumbling. The day is perhaps not 
far off when the standard method of storing programs for the 
home micro will be on plug-in modules containing a 16K 
dynamic memory chip with its own battery power supply to 
retain the data when not in use. EE CM 
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Of micros in ‘serious’ applications, about thirty per cent are used for Word 
Processing. S. M. Gee reviews one of the most popular WP packages for the BBC 
micro — Computer Concepts Wordwise. 


WORDWISE 


<C> Computer Concepts 1982 


entire text 
new text 
marked text 
text to cursor 
Search and Replace 
Print text 
Preview text 


Spool text 


ESC Edit Mode 


Please enter choice_ 


Wordwise has been on the market for some months and has 
attracted a lot of interest by being the first word processing 
package available for the BBC Micro — it has also attracted 
imitators who, it seems, have copied it, bugs and all! (Not that I 
have found any bugs that affect its operation whatsoever). 

Wordwise is extremely easy to begin to use and even a 
complete newcomer to word processing should find very few 
problems in getting started. Once WORDWISE is installed 
you can get into it from BASIC by typing * WORDWISE. 
The first message displayed on the screen is “Old text? y/n’’. 
At the beginning of a word processing session the answer to 
this has to be “n’”’. (You would only answer “‘y” if you had 
broken off in the middle of working on some text and it was still 
inthe BBC Micro’s memory). The user is then shown the menu 
which offers eight “menu” options (which we will return to 
later) and the “edit”? mode. In order to enter text into the word 
processor, you should select the edit mode, by pressing the 
ESCAPE key. 

When in the edit mode, the text that you type in appears in 
white in teletext graphics (Mode 7) which gives a clear display 
on the screen but has the disadvantage of having a maximum of 
40 characters per line. This is a problem that you can disregard 
entirely, however, as the final layout of your document on 
paper is entirely under your control and you can“ preview” the 
way it will look at any time simply by pressing two keys. 


When using Wordwise there is a clear distinction between 
formatting commands and editing facilities. This is one feature 
that makes it particularly user-friendly for ‘‘normal’’ 
applications, such as writing text without many headings, 
indents and tabulations. The editing facilities are to do with the 
text that appears on the screen in front of you and the 
formatting commands govern how the end product will look. 
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As mentioned earlier, the first advantage that a word processor 
has over a typewriter is that you no longer have to worry about 
silly slips of the finger as you type. This means in general that 
you can type very much more quickly than on a conventional 
typewriter. 

By using the cursor control keys you can place the cursor 
anywhere on the screen. Wordwise combines use of the 
SHIFT and CTRL keys and the cursor keys in a simple and 
systematic way which enables you to scan through the text at 
speed in any direction. 


Correcting Mistakes 


To return to the subject of correcting your typing errors, you 
can insert new characters directly above the cursor or, if you 
have chosen the “over” option, you can overwrite the existing 
character. To delete characters you can either use the 
DELETE key, which deletes the character to the immediate 
left of the cursor, or you can press CTRL and A simul 
taneously to delete the character directly above the cursor. 
There is also a facility for deleting the whole word above the 
cursor. The remaining editing command is one I found 
particularly welcome, having been used to another word 
processor with no similar facility— it is the ability to change the 
case of the character immediately above the cursor by pressing 
CTRL and S. 

In addition to the methods discussed above, there are two 
ways of deleting larger chunks of text. Both of these rely on 
using the BBC Micro’s function keys, all of which have a pre- 
defined use in Wordwise. Until you actually have a chance to 
try out WORDWISE for yourself, the use it makes of the 
function keys is probably difficult to appreciate. However, this 
is one of the features that makes it so easy to use. In the case of 
WORDWISE each function key has a single meaning whichis 
accessed by pressing the function key on its own. A prompt 
card is provided to be inserted under the clear plastic strip just 
above the function keys on the BBC Micro. You line this up 
with the keys so that each one is properly labelled. 

In WORDWISE the function keys have the meanings 
indicated in Table 1. 


Table 1 


f5 WORD COUNT TO? 
f6 DELETE TO? 


f0 INSERT or OVER 
fi GREEN 

f2 WHITE 

f3 MARKER 

f4 CURSOR TO? 


f7 DELETE MARKED TEXT 
f8 MOVE MARKED TEXT 
f9 COPY MARKED TEXT 


Pressing f0 has the effect of switching from insert mode to the 
overwriting mode and vice versa. When you first enter 
Wordwise you are automatically in insert mode and each time 
you press f0 a bleep alerts you to the fact that you have 
switched modes. The two keys fl and f2 are used when you 
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Wordwise In Action 
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wish to use “embedded” commands — more of which shortly. 
The markers that are inserted when you press f3 are used to 
enclose passages that you wish to delete or to move or copy, 
using f7, f8 and f9 respectively. These facilities give you the 
freedom to restructure text once you've typed it onto the screen 
or to repeat passages that recur within the same document. 
The remaining three function keys all search through the text 
to find a specific character, in order to move the cursor to that 
point (f4), to count the words between two points (f5), or to 
delete all the text up to that point (f6). This search facility only 
recognises a single character which means that its utility is 
limited. In fact the only viable way to use it is to insert a 
character that you otherwise would not use at the point you are 
interested in prior to using one of these keys. If, alternatively, 
you could supply a string when asked to indicate the target 
point, the facility might be more generally useful. If you 
attempt to delete more than 250 characters a warning note is 
sounded and the question “Are you sure?”’ appears. This is a 
comforting feature as it is very frustrating to delete your text 
when your finger slipped when you really wanted a word 
count! 

Formatting Text 


So far, I have considered the editing facilities available on 
Wordwise and found them to be easy to get used to. Now it is 
time to consider its ability to format text on the printed page. 
This is where the “embedded” commands come into their 
own. It is the embedded commands that make using a word 
processor different from using a typewriter, so it is at this point 
that readers who have never used a word processor may begin 
to find my explanation unfamiliar. 

While you are typing in your text any embedded 
commands have no effect on the layout of your words on the 
screen. Instead they appear in green exactly as you typed 
them. Only when the document is printed, previewed or 
spooled (stored on disc or cassette in a form ready for printing) 
are these two letter commands translated to format your words 
as you determined. Until you get used to this idea it can be 
quite confusing and this is one reason that I like the easy way in 
which you can preview your output with Wordwise. 

To a large extent, it is the range of embedded commands 
that determine how useful a word processor is and 
WORDWISE has a sensible set of them. Moreover, the 
values chosen as the “‘default values”, which WORDWISE 
assumes unless you specify otherwise, mean that you often do 
not need to worry about selecting options. So for example, 
Wordwise starts out with justification on — that is with both 
right and left margins set, with a page length of 66 lines (just 
right for standard computer stationery) and with a line length 
of 70 characters (again, just right for the majority of printers 
that are suitable for word processing). Personally I would be 
happier with the command that causes the processor to split 
text up into pages to be ON rather than OFF unless specified 
otherwise but I imagine others prefer it as it is. 

I was very pleased that the two letter abbreviations chosen 
for the embedded commands make sense and are therefore 
easy to remember. For example, you type CE to centre lines, 
LM for left margin, IN for indent. (I may, of course be biased 
because these commands have exactly the same mnemonics as 
the word processor I am already familiar with!) 

You may remember mention at the beginning of this 
section of the eight “‘menu” options available in Wordwise. 
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These allow you to do something with your text once you’ve 
typed it all in. The menu appears on the screen as shown and 
the options are fairly self-explanatory. The first two options 
enable you to save and load text, the third one enables you to 
save just part of the file currently in memory and the fourth one 
allows you to load text within the file currently held in memory 
— thus providing a way of merging files. Option 5 provides a 
facility that will be familiar to users of other context editors. It 
allows you to search through the file for occurrences of specific 
strings and to replace either all or some of them by an 
alternative string. This can be very useful, for example, for 
correcting systematic misspellings or to rewrite letters to be 
sent to other recipients. Option 6 sends the text to a printer, 
option 7, which I find so very useful, sends exactly the same 
output to an eighty column screen (except that when the text 
becomes so large that there is insufficient memory left for this 
it gets restricted to mode 7) and option 8 sends it to a filing 
system — disc or cassette. There is one other very important 
facility available from the menu— you can gain access to all the 
BBC Micro’s operating and filing system commands by typing 
* followed by the command. So if you want to catalogue your 
disc prior to load or saving you can simply type * CAT, while 
* BASIC returns you to BASIC. 

One word of warning when using the menu options, do not 
type 2 (load) when you actually mean | (save) AND supply a 
filename. If you do you will overwrite your text in memory 
with absolutely nothing— I discovered this when it happened to 
me! Had I noticed my mistake before I supplied a filename, 
pressing BREAK and answering ““Y” to the question “Old 
text’ would have averted disaster but no provision is made for 
out and out stupidity! 

Wordwise uses colour to good effect — and not only if you 
have a colour TV as the colours it uses will also stand out ona 
black and white set. As already explained, green is used for the 
embedded commands. The beginning and end of the text you 
are working on are indicated by the words “‘start” and “end” 
displayed in red and the “status line’’ at the top of the screen is 
blue. This informs the user how many words have been written 
and how many characters remain free. This is important since 
you can run out of memory if you write a lengthy document, At 
the far left of the status line a yellow “I’’ is normally displayed 
to indicate that you are inserting text. If you press f0 to 
overwrite existing text this changes to “O”. Wordwise also 
uses sound to alert you to situations you probably do not 
intend. 


This review would not be complete unless I mentioned 
Wordwise’s main limitation. One application that many word 
processors are used for is to despatch “form letters’’, that is 
letters that are nearly identical in content but differ in whom 
they are addressed to and in other points of content. 


A comparison of the two packages will be presented after 
View has been examined next month. In finishing this month, 
I'll just say that Wordwise offers an extremely user friendly 
program that is sufficiently powerful for most everyday 
applications, It’s lack of a way in handling large files in a 
straightforward way is a disadvantage but this must be 
weighed against its main attraction — it is very easy to use. It 
would make an excellent choice for someone rather 
apprehensive about word processing. ESCM 
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POWER CONTROL FOR MICROS 


Last month Malcolm Plant described three designs that enable micros to interface with power handling 
devices, This month, as promised, we present PCB layouts for each of the designs in order to simplify their 
construction. 


Relay Unit 
22, 224 


22. 


Le 


RELAY 


| 


Figure 1. The relay unit's overlay. Note that the PCB has 
been designed to accommodate the ULN 2803 to drive 
eight SPCD relays. 


Figure 3. Overlay for the DAC board. The circuit diagram 
was shown in Fig. 5 of last month’s article. 


Figure 4. The foil pattern of the DAC board. 


Figure 5. The overlay for the Stepper Motor Drive circuit. 
Note that IC2 should be a 7407 non-inverting buffer and 
not the 7400 inverting type as shown in Fig. 7, the circuit 


diagram shown last month. Figure 6. The foil pattern for the Stepper Motor Driver. 
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Spectrum Printer Interface 


Our interface allows printers with a parallel interface to be driven by the 
Spectrum. Design by R. Sargent. 


When Sinclair's RS232 interface finally 
sees the light of day, it will be possible to 
obtain quality printout from the com- 
puter by means of a printer with an 
RS232 interface. Printers with such an 
interface are, however, some £30 to £40 
more expensive than equivalent 
machines with a parallel interface. With 
the Sinclair adaptor itself due to sell for 
£25, it would seem worthwhile to con 
sider the parallel approach. 


Design outline 


The interface board uses the Z80 
Parellel Input and Output chip which is 
an extremely versatile device. Con- 
struction is straightforward using this 
particular IC and many software con- 
figurations are possible; it is well worth 
obtaining Zilog’s technical manual for a 
full run down on what is available. The 
main purpose of this article though is to 
get the Spectrum running a parallel 
printer interface; the code that runs the 
printer is only a small part of the 
program. 

A parallel port can be added very 
easily to the Spectrum and will occupy 
four consecutive locations in the Input/ 
Output Port Map. The Z80 PIO 
generates its own “data valid’ or 
STROBE signal and allows the com- 
puter to output all 8 bits as data. Link 1 
to 5 and 2 to 3 on the Strobe select link 
pins, and alter the software as instructed 
in the graphics section later in the text. 
An alternative approach is to output 7 
bits of data, the eighth bit being used as 
the strobe. In this case the length of the 
strobe is adjustable using software. Link 
1 to3 and4 to5 onthe Strobe select link 
pins. One input line is needed to monitor 
the printer's BUSY signal; the other 7 
inputs lines are free for other appli 
cations. Fig 2 shows the circuit for the 
interface. The prototype was con- 
structed using a wiring pen on a piece of 
stripboard three inches square. Layout 
is not critical and decoupling capacitors 
are unnecessary. 
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AO Function 


Available to the user 


Address i At AB 
{ 1 
lt | 
| | 
i J 
1 1 
1 t 
l l 

| 


OOFRF (239) Oo 
OFT (247) 
OOFB (25LY 1 
OOF D (253) J 
OOF E (254) 1 
] 1 

l 


Read & Write 10 5,P% note | 
Read & Write to $.P.% note | 
Read & Write to Sinclair Panter 
Read & Write to SP. ® note | 
Write to Beeper‘Ear Socket 
Read the Keyboard. & note 2 
Avatiable (a the user 


{) 


xxFE 


AQ 
| 
1 
1 
I 
l 
| 
| 
] 
i 
oO 
l 
1 
1 
xx PP } 


] 
1 
l 
| 
1 


Note I; 5.P, = one of the Spectrum Peripherals 
Network System 
RS323 Interface 
Microdrive 


Note 2; When a READ is made to the low address byte FE, the BITS of the high address byte are taken low 
in sequence to strobe the keyboard, The addresses involved are: 7TFFEH (32766), BFFEH (49150), 
DFFEH (57342), EFFEH (61438), F7 FEH (63486), FBFEH (64510), FEFEH (65278), 


Table 1. Partial decoding of the port addresses gives a choice location for the printer. 
AIS Ald AI3 Al2 ALI ALO A6 


x x x x % x (MIFH ¢ Sip Port! 
x x x x x OVIPH = (2K7} Pon2 
x x x x x x Q2UFH (543) Port 3 
x x x x x x O3IFH {799) Port4 
¥ = don i care 

take it as 0 


Table 2. A guide to the addresses of the four ports. 


VORKT a 
vu 


PORT BA SEL — 
CONTHOL‘OATA SFI. 2 780 FIO 


FIO 


— 4 
CONTROL CHIP ENABLE — 


f int ---2 
INTERRUPT 24 
CONTROL INT ENABLE IN s 

INT ENABLE OUT -« 


FIGURE 3.01 
PIO PIN CONFIGURATION 


Figure 1. The pin-out for the Z80 PIO. 
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Untangling the ports 


The Spectrum makes good use of its I/O 
ports, but there is still plenty of address 
space available for the user. However, 
there is no way of telling whether the I/O 
address chosen for a do-it-yourself add- 
on will not clash with the I/O address 
chosen for any other add-on . . . The 
answer lies in the flexibility offered by 
jumper wires, so that the PIO port 
address for the printer can be changed if 
necessary. 

Table 1 shows how even the partial 
decoding of the port addresses gives a 
good choice of locations for the printer 
interface. It is clear that if one or more of 
lines AS, A6 and A7 are kept low then 
there will be no conflict with the 
Spectrum peripherals. 


Partial decoding 


Address lines AS, A6 and A? are taken 
to ICI, a 3 to 8 decoder and give 8 
imperfectly decoded outputs. Seven of 
these outputs would probably be suit- 
able to use, but the eighth is certainly 
not, as itis enabled when AS, A6 and A7 
are in the process of accessing a 
Spectrum peripheral. A safeguard which 
overcomes this problem is provided by 
gates IC2a, IC2b and IC3a which 
provide a negative-logic AND function 
on lines AO, Al, A2, A3, A4 and 
IORQ, and so enable ICI at the correct 
time. Each output from ICI therefore 
has a single address, unique within the 
first 256 bytes of the port map, but 
repeated in every 256-block throughout 
the entire map. 


The Z80 PIO chip (IC4) contains 4 
separate ports which must be addressed, 


o o ) 
NM@N OOS WH 


D 


PORT A 


DATA IN 


B READY 


Figure 2. Circuit diagram of the parallel printer interface. 
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and any of lines A8 to A15 are suitable, 
Lines AO to A7 are responsible for 
enabling the chip( via IC1). A table such 
as Table 2 is invaluable in settling the 
final addresses of the four ports, 


The software 


The routine to send a Spectrum BASIC 
listing to a parallel printer is made rather 
complicated by the fact there is no 
printer “reflection’’ in the Spectrum 
workspace. A reflection is a value held in 
a double or triple byte of RAM through 
which the program normally flowing in 
ROM has to pass; alter the value in the 
RAM bytes, and the user can divert a 
monitor routine and use it to his own 
ends. Since we cannot break into the 
Spectrum ROM, the printer program 
has to do everything itself, which takes 
about a half K of memory. What is 
everything? It involves changing the line 


** PORT ADDRESS SELECT LINK 
* STROBE SELECT LINK 


i ae 
1 5 ? 
“4 
. “Se 
Lara 
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numbers from their binary representation 
to decimal; single-byte tokens have to be 
decoded and expanded into their full 
form (e.g. RANDOMIZE); quite a few 
bytes must not be sent to the printer at 
all; some, like the block graphics, have 
to be changed before they go to the 
printer... and so on. A study of the 
source listing will show how this is done. 

A short BASIC program loads the 
printer routine, which is in machine 
code. The same program resets 
HIMEM so that the machine code 
program is safe, and SAVES the CODE 
to a cassette for future use. If you have 
access to a machine code loader, then 
the HEX CODE may be typed in 
directly, and this will take far less time 
than typing in the decimal code within 
the BASIC data statements. However, 
owners of 48K Spectrums will have to 
do a spot of work if they want to locate 


Al4A12 5V SVSLOT OV OV CK AO Al A2 AB 


AIS A13 D7 


SLOTDO D1 D2 06 


the program at the top end of their 
memory. There are 12 absolute jumps, 
29 calls and 2 bytes of code at 32234 
which will all need adjusting. Their new 
position will be 32768 bytes further on 
in memory. 


Using the software 


The Store and USR values given are for 
the 16K Spectrum. Add 32768 to each 
to get the 48K Spectrum values, with the 
exception of the two print buffer values 
which stay the same. 


Emulating LLIST 

RANDOMIZE USR 32050 will print 
out a full listing of a Basic program. This 
is an immediate mode command and 
randomize is used because the USR 
function always returns to Basic with the 
value held in its BC register, and that 
value expects to be put somewhere! 


IORQGE VIDEO BUSHQ 
OV Y U 


MALO 
1ORQ 


D3 Da NMI 


INT HALT 


DS RO WR -5V 


WAIT 


Figure 3. Connection details of the Spectrum's expansion connector. 
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The complete program listing 


Lhd SPECTRUM TO EPSON Feb-83 


s . 
pRCRESSESSR SSCS TERESSeaReateseeRxessEex VS 


RANTOP EQU 32599 


p16K spectrum 7FS7H/32599 


348K spectrum FFS7H/65367 


EQU RAMNTOP-225H 
EQu 23435 
EQuU 23627 
EQuU 158 

EQU 23296 
EQuU 235551 
EQu 2EH 


istart information, basic file 
send information, basic file 
jreserved word lookup table 
perinter buffer 

plast byte of printer buffer 
3¢efault symbol for 


junprintable characters 


ORG USR 
LOAD USR 


EQU © ; first some various starts 


JP PLIST sprint out basic file 


JP PBUF jprint out the 


(preloaded) buf fer 


JP PREM sprint out section of memory 
JP PBYTE jprint a single byte 


JP PBYTE ;spare 
JP PBYTE 


}WORKGPACE (may be altered) 


DB 88. jcharacters per line 


58 print byte 


$1 print byte hex notation 
icharacter to be printed 


DB @ jprint head position 


DW @ jposition within file 
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Emulating LPRINT 

The Basic program must send the 
characters it wishes to LPRINT to the 
print buffer by a series of POKES. The 
print buffer starts at 23296 and finishes 


256 


bytes later at 23552. When 


sufficient characters have been sent 
there, the carriage return character (13) 
is also sent and the program does a 
LET A= USR 32053, which prints the 
contents of the buffer up to and including 


the 


carriage return. 


PRINT A TEXT FILE/ 
HEXADECIMAL DUMP 


The 
into 


starting byte of the file is POKED 
32072, and the byte after the last 


carriage return is POKED into 32074. 
With store 32069 set at zero, 


RESETA7 AG AS Ad 


-—12V 


ROMCS Ag 
BUSACK All 


Mi a8 Alo 


RFSH 


LD HL, (PROG) 


LD ¢ 


START) , HL 


LD HL, (VARS) 


LD ¢ 
CALL 


RET 


sCon 


FINISH) ,HL 
INIT 


BASCAN CALL TEST 


Z yif (FINIGH) (START) return to Basic 


vert Ling number 


qben Line num now in HL 


LD DE, 3@30H ;load 6808 as ascii 
LD BC, 303@H 


LDA 
ORL 
JR Z 
DEC 


pOut; 


> 
L® 5---> finish conversion when HLed® 


Fcountdown the hex 
ycountup the decimal ascii 


jreset units to @ 


sand increment tens 


jreset tens to @ 


sand increment the hundreds 


ireset hundreds to # 


zand increment the thousands 


put line number, 


psupressing leading zero 
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CRUREERES PERSE S E3 EER ES ELIE 


SHER Te 


a 
3° 
mi 


ax 
ou 
iF 


“ 
m 
- 
a 
> 
x 


gages 


SEe3 
COSe7E 


se28 
COS67E 
Fi 


C1 


cs 


c4 


RS 


R4 


c?7 


Advance past “length of text” bytes 
LD HL, (POSIT) 

INC HL 

INC HL 

INC HL 

LD DE,BASCAN jreturn address onto stack 
PUSH DE 

#fall through to Scan 


Subroutine « 
jScan & print text until @DH reached 


INC HL 
LD A, (HL) 
cP DH 
JR NZ Ci 


gcheck for code 14 
cp 14 

JR NZ CS 

IWC HL 

IWC HL 

INC HL 

INC HL 

INC HL 

JR SCAN 


gcheck for the control characters 
cP Siti 


gcheck for block graphics 
IR CS jreplace with @,@ if printer 
thas @ bit block graphics 


poutput block graphics 
HL 


E, 
HL,NW-128 jaddress of newcode 
a 

DE 


Gpegsccs 


4 
i 


pcheck for sore unprintable cheracters 
cr 126 


+ DDH 


é 
z 


ur 
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7ESA 
7ES4 
7Es4 
7ES4 
7E4 
7635 
7ES5 
7Ese 
JES? 
7ESA 
7ESD 
7ESE 
7ESF 
7ES2 
7E&3 
7Eb6 
7E67 
JER? 
JES 
7ESE 
7Esr 
7E72 
7E73 
7e75 
7E77 
7E77 
7E7? 
7E7A 
7E7C 
7E7TE 
7€7F 
7ES2 
7EBS 
TERS 
7EB7 
7E87 
7Ee8 
7ESC 
TEV 
7Ev4 
7E94 
TER 
7E98 
JER9 
7E9C 
JEVE 
TEN 
TEA2 
7EAS 
TEAS 
TEA 
7EAG 
TEAR 
7EAD 
7ERe 
7EBi 
7EBi 
7EB1 
7EB1 
7EB2 
7EBS 
7EBS 
7EBe 
7EBB 
JERE 
7ERE 
JERE 
TERE . 
7EC1 
TEC4 
FEC? 
7Ece 
7ECB 
7ecc 
7ECF 
7EDS 
7ED4 
7ED6 
7ED6 
7EDS 
7EDs 
7ED7 
7EDA 
7EDD 
7EDF 
7EES 
7EES 
7EEA 
7EE7 
7EEB 
TEE? 
7EEA 
7EED 
7EEF 
7EF2 
7Er4 
7er7 
Jer? 
7EF7 
ver? 
7eFa 
7EF? 
7EFB 
7EFD 
JEFF 
7Fe1 
7Fe4 
7FeS 
7Fee 
7FoR 
7FeR 
7FeC 
7FeD 
7FeD 
7Fie8 
TFiz 


bees 
3 


HE epee 


% «FASE KASS yeZss 
aE 


1"SEND" COUNTS LINE LENGTH AND FORCES 
J4 CARRIAGE RETURN AFTER (MAXLEN) CHARACTERS 


PBYTE LD A, (ASTORE) 


SEND PUSH HL 
LD L,A gsave char 
a1 LD A, (MAXLEN)» 
INC A fobtain max length+t 
ginto H 
jlast position 
snew position 


pcheck 1 over maxlength 
yif NZ then OK, gote 51 
pelse send out cerriage return 


yand zero PRHEAD 


inever tno carriage returns 


DB ABH, BAZH, BA1H, BASH, OABH, BAAH, OATH, BABH 
DB @A4H, BAGH, BASH, A7H, BACH, AEH, @ADH, BAFH 


age 


NTER 
printed a CR? 


‘eld > 
badd linefeed(s)7 


EP* 722 


AGppSCGAsca 


LD ML, (FINISH) 
LD DE, (POSIT? 
OR A 

SBC H.,DE 


i 


1 preturn address 
panto stack 
, 


Aposscgosege 
ad tt toe 
ie a 


| 


a 3 2 3 >2>>> 
23 8 34 j 


APEESTR SY ARPGSNRIF 
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PROJECT 


1980 
1819 
1928 
1639 
1948 
1942 


LET A = 32949 
CLEAR A 
LETA=A+1 
READ D : POKE A,D 

IF A < 32587 THEN GOTO 1620 
PRINT “Start cassette“ 


1944 PAUSE @ 
1959 SAVE “print” CODE 32959,549 

1968 STOP 

1978 REM MAIN PROGRAM DATA 

1972 DATA 

195 , 79 , 125 , 195 , 178, 126, 195 , 215, 126, 195 , O85, 126, 
195, 85 , 126, 195, 85 , 125, @H,9,8,H8,8,O, 


9,0,9,89,8,42, 83,92, 34,72, 125, 42, 
75,92, 34, 74, 125, 265 , 193 , 126, 205 , 204, 126, 200, 
26,103, 19, 26, 111,17, 48, 48,1, 48, 48, 124, 

181 , 48, 31, 43, 12, 121, 254, 58, 32, 245, 62, 48, 
79,4, 128, 254, SA, 32, 236, 62, 48, 71, 28, 123, 

254 , 58, 32, 227, 62, 48, 95, 20, 24, 221 , 122, 254, 

48 , 32, 2., 62, 32, 205 , AB, 126, 123, 205 , AB, 126, 
126, 205 , 88 , 126, 121 , 205 , 88, 126, 42, 77, 125, 35, 
35, 35,17, 94, 125 , 213, 35, 126, 254, 13, 32,6, 

205 , 8B , 126, 35, 34, 77, 125, 201, 254, 6, 32,7, 

62, 44, 205 , 88 , 126, 24, 231 , 254, 14, 32,7, 35, 

33, 35,35 , 35, 24, 228, 254,32, 40,2, 24, 214, 

24, 26,06, 254, 128, 56, 21, 254, 144, 46, 17, 229, 
22,9, 95 , 33,0, 126, 163, 25, 126, 205 , GB, 126, 
225, 195, 176, 125 , 254, 128, 56, 11 , 254, 165, 48,7, 
62, 46, 2065, 88, 126, 24, 171 , 254, 255, 49,8, 254, 
165 , 56, 46, 254, 255 , 48, 42 , 229, 205 , 77, 126, 33, 
150, 8, 214, 165, 49, @, 71, 203 , 126, 35, 48, 251, 


16 , 249 , 126, 203 , 127, 32, 6, 205, 88, 12%, 35, 24, 
245 , 203 , 1971 , 205, G8, 126 , 205 , 77, 126, 225, 195 , 176, 
125 , 254 , 127, 32, 8, 52, 99, 205, 88, 126, 195, 176, 
125 , 205°, 88, 126, 195 , 176, 125, 245, 62, 32, 205, 88, 
126 , 241 , 201, 58, 76, 125, 229, 111, 58, 68, 125, 4, 
193, 58, 76, 125, 68, SO, 76, 125 , 188, 32, 16, 62, 
13, 265 , 152, 126, 175 , 30, 76, 125, 125 , 254, 13, 49, 


15, 24, 225, 125, 254, 13, 32,5, 175 , 50, 76, 125, 
125 , 2@5 , 152, 126 , 225 , 201, 168 , 162, 161 , 163 , 168, 178, 
169 , 171 , 164, 166, 165 , 167, 172, 174, 173, 175, 183 , 205, 
34,127 , 254, 13, 192, 58, 71, 125, 183 , 208, 254,2, 
62, 1@, 32, 3, 205 , 39, 127 , 205 , 30, 127, 124, 21, 


175, 5@, 76, 125, 62, 13, 50, 255, 91, 33, 255, 9, 
195 , 176 , 125 , 42, 72, 125 , 34, 77, 125, 175, 56, 76, 
125 , 201, 42, 74, 125 , 237, 91, 77, 125 , 183 , 237, A, 
201 , 205 , 193 , 126, 205 , 204 , 125 , 44, 19, 235 , 17, 218, 
126 , 213, 58, 69 , 125, 183 , 126 , 35 , 34, 77, 125, 32, 
9, 195 , 88, 126, 62, 13, 205, 8B, 126, 201 , 245 , 203, 
63 , 203 , 63 , 203 , 63 , 203 , 63 , 205, 16, 127, 241, 205, 
16 , 127 , 205 , 77, 126 , 201 , 241 , 195 , BB, 126, 239, 15, 
254,109, 56,2, 198,7, 198, 48, 205, 88, 126, 261 


2699 REM PRINTER ROUTINE DATA 
2891 REM FOR Z8@PIO CHIP 

2692 DATA 

197 , 245 , 62, 207, 1, 31, 2, 237, 121 , 62, 255, 237, 
12145 62 4 US g Lg St GF Seg SSF 5 121 5 2 5 Sh, By. Oa7 G 

120 , 203, 71, 32, 256, 241, 1, 31,1, 203, 255 , 237. 
121, 203 , 191 , 237, 121 , 263 , 255 , 237, 121., 193 , 201 


ZX ENERGY HONACEHENT 
(0341983 A.D.CHAMIER 

1@ SiLOU 

B@ FOR N=I TO PI 

3@ LET iL =S446+S52468+i6eP+N 

4@ POKE K,L+8 

S@ FOR @=I TO 127 

G@ POKE KiL+4 

7@ POKE K,L 

8@ IF PEER K>i27 THEN NEXT 0 

o2 TN =LN ( (6440) 7192-91 


i . 
The familiar ZX81 print out— the quality’s adequate but cannot match that produced by a 
Dot Matrix printer. 


=) 
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RANDOMIZE USR 32056 sends each 
byte to the printer, and this may cause 
some strange results if the file is anything 
other than a text file. However, with 
store 32069 set to noi-zero, each byte is 
sent to the printer as a two byte hexa- 
decimal number. With width set to 48, 
this gives a tabulation of memory, with 
the exception that addresses are not 
printed out 


PRINT A SINGLE CHARACTER 
The code for the character is POKED 
into 32070 and LET A = USR 32059 
will send it out. This is particularly 
useful for sending a control byte to the 
printer. If USR 32059 is going to be used 
repeatedly, then the print-head position 
counter at 32076 should be zeroed at the 
start of the sequence by a simple POKE 
from Basic. 


Emulating WIDTH 

Store 32068 may hold a value between | 
and 255 which will represent the 
maximum number of characters to be 
printed on a line. It is set with a POKE 
from Basic. 


CHANGES: The value in 32071 
controls the line spacing of the printer. If 
your printer is hard-wired to operate a 
linefeed after every carriage return, then 
0 should go in this store. A 1 or a2 will, 
depending on your printer give you 
normal, double or triple spacing! 


GRAPHICS: If you intend to drive an 
Epson 80 series printer with a full 8 bits 
of data using the Z80 PIO chip then you 
will be able to print the Spectrum’s 
BLOCK graphics. In the main program 
POKE pulls into 32218 and 32219. In 
the printer routine POKE the following 
four bytes into locations 32575 to32584 
inclusive; 237, 121, 193, 201, 0. 
Characters which the printer cannot 
handle such as user-defined graphics are 
printed as a full-stop (46), but you may 
alter this to a symbol (or a space) of your 
choice by changing the value at location 
32254. 

Having now got your Spectrum 
printing nicely, there is every incentive 
to write a program to display in Hex the 
contents of memory, and to read the 
spare input lines on the PIO in a control 
application. At least the listing will be 


readable. ESCM 
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BEST STRAIGHT LINE 


Paul Beverley and Steve Dowson with another article in their series of BBC 


micro applications. This month, the computer as a glorified calculator. 


This month the topic under discussion is the use of the BBC 
microcomputer for analysing data which is suspected to be of a 
linear nature. That is to say, looking at two variables which are 
expected to have some sort of linear relationship to one 
another. If the data were analysed by hand, a graph of one 
variable against the other would be plotted, and then the best 
straight line through the points would be drawn by eye. Then 
by measuring the slope of the line and the intercept on the 
Y-axis, the equation for the straight line could be determined. 
There are numerical methods which can be used to calculate 
the best straight line using various statistical assumptions, but 
these require a fair amount of calculation. Programmable 
calculators have been used to a large extent for this applica- 
tion, and are very effective. This article shows, however, that it 
is possible to use the computer to get the best of both worlds. 
Not only does it do the numerical calculations for the slope 
and intercept, and the standard deviations of these quantities, 
but also the graphics facilities are used to plot the best straight 
line, so that its relation to the individual points can be seen. 

There is another feature included which may not appeal to 
‘the purists amongst you. It is possible to go through the points 
one by one, and exclude each one of them from the calculation 
of the best straight line to see what difference it makes to the 
graph. The idea is that when looking at the graph one, or 
perhaps two points may be some way off the line. This could be 
because of a straightforward error in recording the values, or 
alternatively it could be a genuine reading which requires some 
sort of physical explanation for its abnormality. The program 
described enables a point that is some way off the line to be 
deleted and the difference time makes to the BESTFIT line to 
be noted. If it made a large difference it would be possible to go 
back to the experiment and check that particular reading to see 
if a mistake had been made. 


Facilities offered 


Let us look in general at the facilities which this program 
provides. First of all it allows the entry of pairs of X and Y 
values. Since this has to be done before anything else, when the 
program starts, it is in the mode where the user is prompted for 
X and Y values rather than going straight to the menu. Having 
entered these values, it is best to check through them to see if 
they are correct, and if necessary alter individual values. It is 
then possible to look at the graph which the computer draws, 
and if a printer with a screen dump facility is available, obtain a 
hard copy of the graph. Once the BESTFIT line is drawn it is 
possible to go through the points individually excluding them 
from the BESTFIT line as mentioned above. If one of the 
points is in fact incorrect and it is necessary to check it against 
the experiment it must be possible to find out which of the 
points was at fault. What the program can do therefore is to go 
back to the values that were entered and to sort them into 


JULY 1983 


“E’ to 
Exclude 


Figure 1. When the program starts it is in the mode in which the user 
is prompted for X and Y values. 


“E’ ¢ 
Exclude 
0 


Figure 2. Once the BESTFIT line is drawn itis possible to see which, 
if any, of the points may be in error. 


“E* to 
Exclude 


Figure 3. The program can sort the X values into numerical order. 
Having sorted the entries it is possible to exclude a point and note the 
effect on the BESTFIT line. 
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numerical order based on the X values. Having sorted them, it 
is possible to see where the point in question lies, say for 
example that it was the fourth highest value. Having checked 
the values they can be amended, or deleted altogether. 

If the values are changed or more are added and the range 
of the graph is thereby extended in the positive or the negative 
direction, then the axes are automatically recalculated so that 
all the points fit onto the screen. If it is necessary to change the 
markings on the axes, this is another facility provided in the 
menu. Once the graph is satisfactory the computer can show 
what the values are for the intercept and the slope of the line, 
and also give the standard deviations on each of these values. 
These are all calculated by what is called the method of least 
squares, 

The other feature which has been put into this program is 
that of correlation. The idea of this is that if all the points lie 
exactly on a straight line and therefore the relationship is 
exactly linear then the correlation is unity. The more scattered 
the values are on either side of the line the smaller is the 
correlation, 


Figure 4. The best straight line program. 


FRE DM116 0 0-40 t-te 9 ge et ae a a aH Ea 
20 REM*® BESTLINE . March 1983 * 
REM* BBC version by Steve Dowson + 
REM* Idea and good features all * 
REM due to Paul Beverley * 
CIR te a a at 0 a a aH a nae a ne ae a ee 


78 REM Disc users omit REMS from here on 
BQ OTM X(SL),¥CS1) ,Dt2y 
9 Ne: fixed=O: EX=a 
198 MODEL 
118 
VDU19,@,7,0,08,8,19,7,0,8,0,8,19,1,15,0,08,8,197,2,8,8,8,@ 
128 PROCdata 
138 REPEAT 
140 PROCmenu 
158 IF B=1 CLS:PROCtable:PROCdata 
to IF Be2 PROCcompute 
178 IF B=3 PROCGr aw 
158 IF Be4 PROCscal e: PROCF ix 
178 IF BeS THEN RUN 
208 UNTIL Be& 
218 END 
220 REMe+e* END OF MAIN PROGRAM #2002 
DEFPROCcompute 
IF N¢3S PROCwarn: ENDPROC 
PROCassume: IF yes THEN PROCcalc? ELSE PROCcalc1 
PROCresults 
ENDPROC 
FRE IM 9 0640 ot 0 a te at ae te ee ae a ete eee 
DEFPROCdr aw : 
IF N<3 PROCWwarn:s ENDPROC 
PROCscale 
PROCassume:IF yes THEN PROCcalc? ELSE PROCcalci 
PROCgr aph 
ENDPROC 
FRE PV 6 a 46 a fe at te 8 aE a HE a a HE 
DEFPROCmenu 
CLS 
PRINTTAB(15,3)"M E NU" 
PRINT’ '"1,Check/change the poihts*'‘"2.Display values 
for gradient,ete"’""3.Display the graph" '"4.Change size of 
division marks"'‘*S5.Start again” ’‘“é.End" 


400 B=VAL (GETS) 

418 ENDPROC 

420 REMHHtttt gente eee 

430 DEFPROCdata 

440 PRINTTAB(O,27)* <RETURN> moves down the list"‘'" D — 
Delete point";SPC(4);"T - cursor to Top"'" § — Sert on 
RX"; SPC(735"M - return to Menu" 

458 MOVED, 17@: DRAW1280,178:MOVE628, 170: DRAW628, 1024 

448 pair=1:NUMBER=6:FLIP=@: new 
=TRUE: PROC ormat: PROCheadi ng 

470 ENTRYS="T" 

468 REPEAT 
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498 IFN=5! THEN ENTRY$="T" 

308 IF NOT NUMBER AND NOT new THEN PROCformat:PROCPpair 

S12 IF NOT NUMBER AND new 
THENPRINTTAB(column,line) ;SPC(19) 

528 IFENTRY#="T" THEN pair@1 

530 IF NUMBER OR FLIP AND NOT new THEN pair=pair+1 

548 PROCformat 

558 IF new THEN N=N+1;PROCnumber (pair) 

5646p INPUTTAB (col umn+3, line} ENTRY$:PROCcheck: IF NUMBER 
THEN X (pair) =VAL (ENTRY#) 

57a IF NUMBER 
TINPUTTAB(column+11,lineJENTRY#:PROCcheck: IF NUMBER THEN 
Y (pair) =VAL (ENTRYS) 

58a UNTIL ENTRYS="M" OR pair=58 

598 ENDPROC 

GOO REM eee et eee 

618 DEFPROCPpair 

628 
PRINTTAB(column+3, line) 5X (pair) :PRINTTAB(column+11 sline);¥ lp 
air) 

638 ENDPROC 

640 REMAHeHeeeH ee 

65@ DEFPROCcheck 

668 PROCvalid(ENTRY#) 

67@ IF new AND NOT NUMBER THEN N=N--1 

680 IF ENTRY$="D"THEN PROCdel ete: PROCtable: IF Pair>1 THEN 
Pair=pair-1 

690 IF ENTRY$="S"THEN PROCsort:PROCtable 

7@@ ENDPROC 

71D REI He a te a nti te ate ae a ead 

728 DEFPROCval id (E#) :NUMBER=TRUE 

730 FOR Jk=1TOLEN(E*) s CHAR=ASC (MIDS (ES, JH,1)) 

748 IF CHAR=-1 THEN FLIP=TRUE ELSE FLIF@=FALSE 

7358 valid=(CHAR>42 AND CHAR<>44 AND CHAR<>47 AND 
CHAR< 56) 


76a IF NOT valid THEN NUMBER=FAL SE 
778 NEXT 

78@ ENDPROC 

FID REM 46 9 46 40 2 46 6 1010 2616 a a 

820 DEFPROCdel ete 

618 FOR I=pair TON 

620 ACD exCl+rys¥ CD ev ( lei) 

838 NEXT 

842 NeN-1 

85@ ENDPROC 

BGR REM Hea ea ei tee eam 

87@ DEFPROCtable 

888 LOCALpair 

890 pair=0 

980 FOR pair=1TO N 
718 PROCformat ; 
920 PRINTTAB(column, line) STRING$(18," ") 

938 PROCnumber (pair) 

740 IF pair<N+1 PROCPpair 

958 NEXT 

960 IF NCS@ PRINTTAB (column, linet+1) STRINGS ¢ 18,% "% 
978 ENDPROC 

FBO REMER RRR EHH eR 


798 DEFPROCformat 

1024 IFpair<1@ THEN indent=1 ELSE indent =@ 

1010 IFpair>25 THEN line=pair-25rcolumn =28+ELSE 
column=8: line=pair 

1820 IFpair=24 PROCheading 

1830 new=(pair >N> 

1840 ENDPROC 

1858 REM#+e eee eee eee ee 

1@6@ DEFPROCnumber ip) 

1078 PRINTTAB(columnt+indent,line)yp;")" 

1888 ENDPROC 

TBI REM A tte ese se te te see te ee ee 

1180 DEFPROCheadi ng 

1118 PRINTTAB(column+4,O)¢" ix) ";SPC(4) 5 ty 

ENDPROC 


LLS@ REM ase atest a tet sete see ee 

114@ DEFPROCassume 

115@ PRINTTAB(®,24)"Do you want to assume that Y=Mx 
“rans#=GETS 

1168 yes=(LEFTS(ans#,1)="y¥") 

1178 ENDPROC : 

1188 REMs eae ei see eee eee 
1198 DEFPROCcalc1 

120@ IF EX=@ A=@ ELSE A=1 

121@ IF EX=N B=i ELSE BeQ 

1220 P=@: 0-8: 5-8; D=@: U=@: G=@: E=@:H=8 
1238 FORIZ=1TON-B:IF I%=EX I%=1%+1 
1248 PeP+X (1%) 2 @=O+¥ (1%): NEXT 

1258 P=P/{N—-A): B=@/ (N-AD 

1268 FORTX=1TON-BrIF I%=EX I%=1%+1 
1278 K=X (14) -P: S=S¢xey (1%) 

1288 D=D+K#Xs Z=¥ (1%) -Or GaXe24+6: E=X#X+E 
1298 H=2#Z+H: NEXT 

138@ S=S/D:C=Q-SeP 

1318 FORIXZ=1TON-BrIF IZ%=EX I[%=I2%+1 
1328 Tey (1%) —-S#x (1%) -C2U=U+7#Ts NEKT 
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133@ U=U/ (N-2-A): V=SQR(U/D) 

1348 W=SOR (U#(1/ (N-A) +P #P/D) ) = CORR®G/SOR (E#H) 
135@ ENDPROC 

1360 REM Hee e H e RE 

1370 DEFPROCcalc2 

1368 IFEX=® A=@ ELSE A=1 

1398 IF EX=N B=1 ELSE Be@ 

14890 S=2:U=@:De@: C=: CORR=B 

141@ FORI“Z=1TON-Br IF 1%=EX 14=1%+1 

1428 SeS+x (1%) #¥ (1%): D=D4X (1%) “22 NEXT 
143@ S=S/D 

1440 FORIZ=1TON-B:IF I%=EX I%=1%+1 

1450 TeV (IK) -S#X (14%) :U=U+T# Ts NEXT 
1448 V=SOR (U/ (N-1-A) /D) 
1478 ENDPROC 

148 REM eee ete te ee 
1498 DEFFROCresults 

15802 CLS: PRINTTAB (18,5) "Gradient 
1518 PRINT’ “Standard deviation = 
1520 IF CORR< >O@PRINTTAB(9,12)"Intercept <= 

;C:PRINT "Standard deviation = 

3W:PRINTTAB(7,18) "Correlation = ";CORK 

15328 At=GET+ 

1540 ENDPROC 

1550 REMA# Reem eee ER 

1546@ DEFPROCscale 

1578 xmax=X (1)3 ymaxwY (1) 2xmin=xmax: ymin=ymax 

1588 FORIZ=2TON 

1590 IFX (1%) >xmax THEN xmax=X(1%) 

1600 IFX(I%)<xmin THEN xminex(I%) 

1618 IF¥¢(1%) >ymax THEN ymax=¥ (12%) 

1620 IFY(I%)<ymin THEN ymain=Y(1I%) 

1638 NEXT 

1648 XMIN@=xmin: YMINe ymin: XMAX=xmax : YMAX=ymax 

1650 IFxmin>@ THEN xmin=2 

1660 IFxmax<® THEN xmaxe@ 

1670 IFymax<@ THEN ymax=2 

1680 IFymin>@ THEN ymin=@8 

1698 x9c"#1144/ (xmax-xmin) 2 ysc#9O4/ (ymax ymin) 

1700 xoff1@0-xmin*xec: IF xoff<1@ABTHEN xoff=1288 

1710 yott=4O-yminwysc:1F yoft<4QTHEN yo f=40 

1720 side=9@: 1F xmax=8 THEN xoff=1164:side=—-10 

1730 IF ymax=@ THEN yott=904 

1740 IF NOT fixed PROCdi v (xmax—xmin, 1): PROC v (ymax—ymin,2) 
1758 ENDPROC 

L 76D REM re re ate tae tear a re eae tte tee 

177@ DEFPROCgraph 

1788 CLS: VDUS 

179@ MOVExof¢ ,O: DRAW of f , 9760: MOVE®, yor #: DRAW1 208, yor F 
16@@ PROCmar kx (D(1))2PROCmarks (-D(1)) 

1810 PROCmarky (0¢(2)):PROCmarky (—D(2)) 

1820 FORI%#1TON 

1630 PROCpoint (1%) 

184@ NEXT 

1650 PROCline<S,C) 

18468 VDU4 

1870 PRINTTAB(11 ,@)3 "(xd "SSPO(7);3 "ly? E° to” 
18B@ FRINTTAB(2,1)"Foint";SPC (24); "Exclude" 

189@ VDU4,28,8,1,29,1,17,131,17,8 

19@8 ST=S:STC=C:paire1:CLS 

1918 REPEAT 


z 


GCOL@, 1:PROCpoint (pair): PRINT ;pair;")";X¢pair); TAB(I19;¥ 
iris 

1920 A=GET 

1928 IF A=13 GCOL@,3:PROCpoint (pair ):pair«pair+t 

1948 IF €A=49 AND NOS PROCtest 

19508 IF A=69 AND NeSPRINT'; “Not enough points"; :AS=GET 

1968 TF A=84 GCOLD,S:PROCpoint (pair) :paire1 

1978 IF pair*N+1 THEN GCOL@,*2:PROCpoint (N):pair=1 

1980 UNTILA=77 

1990 GCOL@,3 

2000 VDU26,17,1268,17,3 

2010 ENDPROC 

2O20 REMee ee Ree HE ee 

2032 DEFPROCpoint (pair> 

2040 FLOTS?, X (pair d+#xsc+xoff ,¥ (pair) 4ysctyot Ff 


2858 
VDUZ5 ,@,—123 12;25,1,24;8; 25,1,8;-24:25,1,-24;0;25,1,8;24; 
2068 ENDPROC 
2078 REMHHEHE HARE RR He 
2888 DEFPROCdiv(size,axis) :GOTO2110 
2092 H=size/12 
2188 J=ABS(H): IFJ<1 THEN J=J/18 
2110 d=1Q0°(INT(LOG(size))):try=size/d:g=1 
2120 IFtry<STHEN ge2:IF try<2 THEN g=S:IFtry<1 THEN q=10 
2138 Dtaxis)=d/q 
2148 ENDPROC 
Z1SD REMARH RRR Re 
2168 DEFPROCmar kx (D) 
2178 LOCALN 
216@ N=@: REPEAT 
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N=N+Di ReNexsc+xof fs MOVER+S, yot #—181 PRINT; N: MOVER, yof #—14: PLO 
T1,8,2@:UNTILR>1108 GR R<@ 
2198 ENDPROC 
2200 REM ea este ere eee ee 
2218 DEFPROCmarky (D>? 
222@ LOCALN 
2238 N=: REPEAT 
NeN+D: R=Neysct yor fs MOVEx of f— (si de) ,R-S: PRINT :Nz MOVExoft-146,R 
+:PLOT1,20,@:UNTILR>9@2 OR R<O 
2248 ENDPROC 
225 REMH Re eee a 
2268 DEFPROCLine(S,C) 
2278 
xbase=xminexsci ybase= (S#xmin+C) #ysctMOVExbasetxoff, ybasetyot 
+ 
2288 
xtop=max#xsc: ytop= (S*xmax+C) #*yac: DRAWKtapt+xoff, ytopryoft 
2298 ENDPROC 
2300 REMHeseeeeeeereeeseeneeeen 
23128 DEFPROCwarn 
2320 PRINTTAB(1,246)"Least squares method will not 
work" "with less than 3 points" 


233@ At=GETS 

234@ ENDPROC 

2ISO REMHHeH RRR RR 

2368 DEFPROCsort 

2370 FOR I%=1 TO N-1t 

2388 FOR J%=1% TON 

2398 IF X(12%) >X(0%) THEN 

ST=X (1%) aX CIAI=K CTL) eX CIA) @STs ST HV (1K) VIX) VIL) 2 Y¥ CI%) ST 

2482 NEXTJZ%,1% 

2418 ENDPROC 

2428 PREM 4 90 40 2 a0 10 40 40a He 2H HE EE a te 

2432 DEFPROCtest 

2448 ExX=pair: PRINT’ ;EX; "~-~-EXCLUDED 

2450 IFyes PROCcalc? ELSE PROCcalci 

2468 GCOL@,2:PROCLine(S,C) 

2478 
AS=GETS: GCOL®,@:PROCLine(S,C):GCOLO,3:PROCLine(ST,STC}:EX=@ 

2488 cLs 

2498 ENDPROC 

2508 REMEHHRE EHR EH R Re  E 

2510 DEFPROCF i x 

2528 cLs 

2538 PRINTTAB(4,4) "SCALE DIVISIONS - CURRENT VALUES” 

2540 PRINTTAB(16,10)"X-AXIS Y-AXIS" 

2552 PRINT "Max value:",XMAX,YMAX’ "Min value:”,XMIN, YMIN 

2568 PRINT‘ “Current” “divisions: ",D(1),D(2)° “Enter 
new"  “values..."3 

2578 REPEAT: T#18 

2588 FOR I%=1TO2: INPUTTAB(T, 20) ,AX#:PROCvalid (AX$): IF 
NUMBER THEN D( 1%) =VAL (AXS) 

2599 T=28:PRINTTAB(S, 22)" “aNEXT 

2688 PRINTTAB (S, 22) "OK?" s AS=LEFTS(GET#,1) 

2618 UNTIL AS="Y" 

2628 IFNUMBER fixed=TRUE 

2638 ENDPROC 


Finally there are one or two comments to make about the 
listing of the program itself. The program was originally 
written for the Atom computer, but was translated for the BBC 
microcomputer by Steve Dowson. It demonstrates very good 
use of long variable names and of procedures in order to give 
the program a good structure and to make it easier for other 
people to read. Also, anybody wanting to tailor it for their 
applications has a program that is easy to amend. When using 
adisc system, in order to make sufficient space for the program 
plus variables and still to be able to work in mode 1, it will be 
necessary before loading the program, to change the value of 
PAGE to &1200. Although the full listing of the program is 
given with this article, a cassette of the program to save the 
effort of typing the program in and trying to find all your typing 
mistakes is available at a cost of £2.00 from: 

Steve Dowson, 

“Roots”, 

Poorhouse Lane, 

Bracken Ash, 

Norwich, 

NR14 8EN E& CM 
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BBC Sequencer Interface 


Robert Penfold describes an interface that allows the BBC micro to control a 


synthesiser. 


Many monophonic synthesisers have 
some form of built-in digital control 
system these days, and this often in- 
cludes some kind of sequencer. A 
sequencer greatly enhances the useful- 
ness of the instrument by enabling an 
inexpert player to program the instru- 
ment so that the desired melody is 
played in note perfect fashion with 
precision timing, or by using a short loop 
sequence the unit can function as a 
simple rhythm machine. 

Unfortunately, not all synthesisers 
have a built-in sequencer, and those that 
are equipped with one usually have a 
fairly simple type. For example, the 
author's SCI Pro One synthesiser has an 
integral one hundred note sequencer, but 
the notes must be of the same duration, 
and there is no way of controlling the 
gate pulse duration. 

The idea of using a home-micro to 
control a synthesiser is by no means a 
new one, and it is in fact a well tried 
technique which normally gives excellent 
results in practice. This article describes 
a simple interface which enables the 
BBC Model B micro to be used as a 
versatile sequencer for the ever popular 
SCI Pro One, or any other synthesiser 
which has the standard one volt per 
octave control voltage input plus a5 volt 
positive gate/trigger input. 
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Block Diagram 


In principle the sequencer interface is 
straightforward, as can be seen from the 
block diagram of Fig 1. The control 
voltage is obtained using a digital to 
analogue converter which is fed from 
lines PBO to PBS of the BBC micro’s 
user port. The digital to analogue con- 
verter is in fact an eight bit type with the 
two least significant bits connected to 
the OV rail. This gives 63 programmable 
output voltages plus zero volts, and the 
use of a good quality eight bit converter 
gives excellent accuracy and stability. 
The keyboard voltages of a synthesiser 
are normally provided by a multi-stage 
potential divider circuit which consists 
of a long series of precision resistors of 
the same nominal value. Thus, like the 


PBO TO PBS CV OUT 


CBZ° 


PBE 


digital to analogue converter, the key- 
board provides a series of voltages that 
rise in equal steps. In order to give the 
correct notes using the sequencer it is 
merely necessary to match the size of the 
voltage steps to those provided by the 
keyboard, and this is accomplished 
using a variable gain amplifier at the 
output of the converter. This also acts as 
a buffer stage which gives the unit a 
suitably low output impedance, 

With twelve notes per octave ( includ- 
ing semitones) and 63 possible control 
voltages a range of just over five octaves 
can be covered. Most synthesisers have 
about a three octave keyboard, but the 
circuitry is normally capable of a much 
wider frequency range than this, and 
most instruments are capable of tracking 
accurately over the full five-and-a-bit 
octave control range. 

Apart from providing a control 
voltage the unit must provide a trigger 
pulse if the synthesiser has an AD 
(attack-decay) envelope shaper, or a 
gate pulse if it has the more common 
ADSR (attack-decay-sustain-release) 
type. There are two ways of providing the 
necessary signal with the system used 
here. The first of these is to program the 
output port so that the CB2 line of the 
user port becomes an output which 
briefly pulses low each time the com- 
puter sends data tothe port. This pulse is 
used to trigger a monostable multi- 
vibrator which produces a trigger/gate 
pulse of preset duration. 


PULSE LENGTH 


MONOSTABLE 


GATE PULSE 
OUTPUT 


Figure 1. The block diagram of the sequencer interface shows that the design is based ona 


few basic building blocks. 
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Figure 2. 
Full circuit diagram 
| of the interface. 


This system automatically provides 
the trigger/gate pulse each time a new 
note is sent to the output port, or even ifa 
note is repeated since it is writing to the 
port that generates the pulse, and not a 
change on the data lines of the port. For 
those who are not familiar with the 6522 
PIA which is used to produce the user 
(and parallel printer) ports of the BBC 
model B computer, it should perhaps be 
explained that the CB2 line of the output 
port is controlled by the peripheral 
control register of the 6522. In the BBC 
micro this is at address &FE6C 
incidentally. It is bits 5 to 7 of this eight 
bit register that control the operating 
mode of line CB2, and for the pulse 
mode of operation these bits should be at 
1, 0, and | respectively, or, to put it 
another way, this register should be set 
at 160(128 plus 32). Therefore, in order 
to obtain this pulsed output mode it is 
merely necessary to include ?& FE6C = 
160 (the BBC micro equivalent of 
POKE hex address FE6C to 160) as a 
program line near the beginning of the 
program. 

The second method of gating/trigger- 
ing does not require any additional 
hardware, but is a little more complex in 
that the software has to accommodate a 
third parameter in addition to pitch and 
note duration. This method is simply to 
use line PB6 to provide the gate/trigger 
signal, and using suitable software the 
output pulse duration can be different for 
each note if desired. This obviously 
gives great flexibility when used with a 
synthesiser which has an ADSR 
envelope shaper, but it takes longer to 


NOTE: 
18 ZN426E 


ear ae 


program the system with the required 
melody or rhythm. For this reason it is 
better to use the automatic triggering 
mode unless the flexibility of pro- 
grammed gating is really needed. 


An internal view of the completed Sequencer 
Interface. 


Construction 


A suitable printed circuit design for the 
interface is shown in Fig 5. IC2 has a 
PMOS input stage and in order to 
minimise the risk of damage by high 
static charges it should be the last 
component to be fitted to the board and it 
should be fitted in an 8 pin DIL socket. 
Leave this device in its protective 
packaging until it is to be fitted on the 
board, and handle it as little as possible. 
Do not overlook the four link wires and 
fit Veropins at points on the board where 
connections to off board components 
such as S1 and VR3 will be made. 
The connection to the computer is 
made via a 20 way ribbon cable fitted 
with a 20 way IDC header socker. It is 
advisable to buy this as a socket and lead 
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ready- wired together. When connecting 
this cable to the printed circuit board be 
careful to get the cable the right way 
round, and make sure that none of the 
leads are accidentally swopped over. 

An aluminium box measuring about 
133 x 102 x 38mm makes an in- 
expensive but reasonably smart housing 
for the interface. The controls and 
sockets are mounted on one of the 133 x 
38mm sides of the case which then acts 
as the front panel, and the printed circuit 
board is mounted on the base panel 
towards the rear of the case. Spacers are 
used over the mounting bolts for the 
board to ensure that the connections on 
the underside cannot come into contact 
with the metal casing. The ribbon cable 
is thin enough to go between the base and 
top sections of the case without causing 
any problems, and it is not necessary to” 
cut an exit slit for this lead. 


Adjustment 


With PLI connected to the user port of 
the BBC micro, the SK1 plus SK2 
connected to the appropriate sockets of 
the synthesiser using the usual jack 
leads, the next step is to set up lines PBO 
to PB6 on the user port as outputs. This 
display entails typing ?&FE62=127 
into the micro and hitting the ‘‘return’” 
key. Next the output port is set at a 
number which is equal to the number of 
keys on the synthesiser, which is 37 fora 
normal three octave type. This is 
achieved by typing ?&FE60=37 and 
then hitting “return”. RV1 should now 
be adjusted so that the control voltage 
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The circuit 


Figure 2 shows the full circuit diagram of the 
Sequencer Interface. 

ICI is a Ferranti ZN4267E digital to analogue 
converter which gives good performance, will 
operate from the single 5 volt supply available 
from the BBC micro’s user port, and is reasonably 
inexpensive. Pins 9 and 10 of ICI are the two least 
significant bit inputs, and as explained earlier, 
these are simply tied to the OV rail. The internal 
2.55 volt (nominal) voltage reference of IC1 is 
utilised simply by wiring pins 5 and 6 together and 
adding discrete load resistor Rl. A 1u decoupling 
capacitor can be added from pins 5 and 6 totheOV 
rail, but this does not seem to be necessary in the 
present application. 


The amplifier is a straightforward non-inverting 


type based on operational amplifier IC2. A 
CA3140E is used because it has a class A output 
stage which enables its output voltage to swing 
down to virtually the OV supply potential. This 
avoids having to provide a negative supply rail. 


RVI controls the voltage gain of the amplifier, and 
in practice this will be set to give a gain of only 
about two times. RV2 is the offset null control 
which is used to compensate for small offset 
voltages in both ICI and IC2 so that accurate 
results are obtained at low output voltages. 


One slight problem with this arrangement is that 
IC2 is unable to produce an adequate maximum 
output voltage. With a range of just over five 
octaves and one volt per octave required, IC2 must 
give a maximum output potential of just over 5 
volts. With a nominal 5 volt supply this is clearly 
impossible, but in actual fact the output of IC2 
cannot go within a volt or two of the positive supply 
potential and the maximum output voltage of this 
device would fall well short of the desired level. 

A simple and inexpensive solution to the 
problem is the 555 timer1C3 as an oscillator which 
feeds a rectifier and smoothing circuit. The latter 
gives a positive output voltage which is about 2.5 
volts above the positive supply rail. This gives a 
potential of about 7.5 volts above the OV rail, and 


this is adequate to give the required voltage swing 
at the output of IC2. 


The monostable used in the automatic triggering 
mode is based on another 555 timer IC,: This 
requires a very brief trigger pulse at pin 2 which 
must take the trigger input below one third of the 
supply potential. As the output pulse on the CB2 
line is a very short negative pulse which goes 
virtually down to the OV rail potential it can be 
used to directly drive the input of IC4, VR3 
enables the output pulse length to be varied from 
about 24 milliseconds at minimum resistance to 
approximately 557 milliseconds at maximum 
resistance. This range should be adequate, but the 
time component values could be modified if a 
different timing range is required. 


SI connects the trigger output socket (SK2) to 
either the output of IC4 or the PB6 line, as 
required, In both cases the signal obtained is a 
pulse waveform virtually equal to the 5 volt supply 
potential. 


from the interface gives the same note 
that is obtained using the top key of the 
. keyboard, and it is very easy to match 
the two notes if you frequently switch 
between the keyboard and the external 
control voltage. The “‘drone” switch of 
the synthesiser can be used to hold the 
envelope shaper open while making this 
adjustment. 

Next the output port should be set at 
one by typing ?&FE60=1 and hitting 
return, RV2 is then adjusted to match the 
note obtained using the interface to that 
obtained using the lowest key of the 
keyboard. It is then advisable to repeat 
adjustments of RV1 and RV2 a few 
times until the interface is exactly in tune 
with the keyboard and no further 
improvement can be made. You should 
then find that setting the output port at 
numbers between | and 37 gives the 
same note as the corresponding key of 
the keyboard. Numbers up to 63 will 


cV 
OUTPUT 
(SYNTHESISER) 


provide additional notes which are not 
available using the keyboard. Setting the 
output port at zero will probably not cut 
off the VCO or VCOs in the synthesiser, 
but if it does this represents an easy way 
to put gaps between notes. The other 
way of achieving this is to use the 
programmable gating mode, or simply to 
make notes longer than the duration 
which the envelope shaper will provide. 

The equipment is ready for use once 
VRI1 and VR2 have been set up correctly, 
and a few simple programs which can be 
used with the unit are given below. 

It is possible to load notes from the 
synthesisers keyboard into the BBC 
micro using the simple arrangement 
shown in Fig 3. Here the control voltage 
from the synthesiser is fed via variable 
attenuator VR4 to the channel | input of 
the BBC micro’s analogue port. VR4 
keeps the voltage fed to the channel | 
input within the 1.8 volt maximum, and 


ANALOGUE PORT 
(BBC MICRO) 


Figure 3. Circuit diagram of the connections that enable notes from the synthesiser’s 


keyboard to be loaded into the BBC. 
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enables the system to be adjusted so that 
the correct number is produced by each 
key. X% = ADVAL(1)/1000+1 re- 
turns the required value (it was found to 
be necessary to include the “+1” to 
compensate for a small amount of non- 
linearity somewhere in the system). The 
simple program shown below displays 
the returned value so that RV4 can be set 
correctly by empirical means. 


10 X% = ADVAL(1)/1000+1 
20 PRINT TAB(10,10)X% 
30 GOTO 10 

This program is useful for converting 
keyboard notes to numbers for use in 
sequencer programs, but it would 
presumably be possible to devise 
software that would enable notes to be 
directly loaded into a program from the 
synthesiser’s keyboard. 


The simple program given below is 
intended for use where a short loop is 
required to enable the system to be used 
as arhythm machine, It gives maximum 
versatility by making use of the pro- 
grammed gate pulse facility of the 
interface. The pitch, gate time, and total 
note duration are placed (in that order) 
in the data statement at line 140, and a 
single data line is all that should be 
needed since up to 255 characters can be 
used here. However, note that the 
number of notes in the data statement 
must agree with the figure at the end of 
line 40. The gate pulse and note duration 
times are in centiseconds incidentally. 
The program can be halted by operating 
the spacebar. 


ELECTRONICS & COMPUTING MONTHLY — 55 


10 ?9&FE62 = 127 

20 REPEAT 

30 RESTORE 

40 FOR play = 1 TO (number of 


notes at line 140) 

READ pitch, gate, duration . 
2&FE60 = pitch+64 
T=TIME 

REPEAT UNTIL TIME= 
T+gate 

2&FE60=pitch 

REPEAT UNTIL TIME= 
T+duration 

Next play 

UNTIL INKEY(0)=32 
?&FE60=0 

Data pitch, gate,duration, pitch, 
gate, duration,etc. 


The program given (left) is intended 
for use with the auto-triggering mode and 
enables long sequences to be easily 
programmed, edited, and stored, 


Program Notes 


The program is menu-driven and has 
facilities for loading music into the 
storage array (set up in line 50) either 
direct from the keyboard ‘or from a 
previously-saved tape. It is possible to 
add to music already in the array, either 
from the keyboard or from tape. The 
facility for saving music onto tape can 
record the whole or a selected part of the 
music in the array. 

There are two ‘play’ facilities, the first 
playing the music through once only, the 

RV3 


Figure 4, The sequencer interface’s overlay is shown below. 


1 (+5V) 


Figure 5. The PCB foil pattern shown full size. 


SK1 
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second playing it as a loop, continuously, 
for as long as required. While the music 
is being played, the ‘menu’ remains on 
the screen, but the option chosen 
changes colour, to indicate what is 
happening. 

Option 3 is a powerful editing facility. 
Really it is three options in one, Firstly, 
any note can be called by number and 
displayed on the screen, and the pitch 
and/or time altered if required. Secondly 
the tempo of the music can be made 
faster or slower by multiplying or divid- 
ing all the time values. Thirdly, there is 
an option to delete any note, orto insert a 
note at any position. 

The program has been made very 
‘robust’, so as to be usable by people not 
familiar with computers, All input lines 
are fitted with ‘garbage filters’, and the 
program responds to ‘silly input by 
beeping and returning to the input line or 
the ‘menu’, as appropriate, Pressing 
‘Escape’ returns the program to the 
menu. 


Next Month — Full software listings. 


Parts List 

Resistors, all 4 watt 5% 

R1 390R 
R2 4k7 
R3, 4 100k (2 off) 
Potentiometers 


RV1, 2 10k 0.1 watt horizontal preset 
RV3 2M2 linear carbon 


Capacitors 
C1, 3,6 100u 10V axial electrolytic 


G2 100n polyester 
C4 10n polyester 
CS 220n polyester 
Semiconductors 

IC1 ZN 426E 
iG2 CA3140E 
IC3, 4 555 
D1, 2 IN 4001 
Miscellaneous 


SK1, 26.35mm jack sockets (2 off), S1 
SPDT toggle switch, PL1 20 way IDC 
socket with cable, Case, PCB, control 
knob, etc. E&CM 
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TECHNICAL FEATURE 


THE COMPUTER BRAIN 


Mike James continues his series dealing with artificial intelligence with an article 


he’s called ‘Fuzzy Programs’. 


The idea of a computer program that reasons by using rules of 
the IF condition THEN conclusion type, that we met in last 
month’s Computer Brain on expert systems, seems very 
natural and promising until you start to consider the sort of 
judgments humans make. It is not very often that a decision 
can be made with absolute certainty. It is more often the case 
that we say things like — “I think the trouble might be” or “It 
could be...” than we say “I Know’ or “It is”. Last month's 
expert system assumed that the answer to any question was 
known with absolute certainty and that the presence of any 
given condition was always an absolute sign that the 
conclusion should be drawn. It is certainly clear that this is not 
always so! A component of human reasoning that we have 
ignored so far is uncertainty. 


To be, or not 


There are two ways of dealing with uncertainty in reasoning. 
The first is traditional and based on probability, the second is 
fairly new and not so well developed so there is scope for 
experimentation. It is important however, to realise that there 
are two different sorts of uncertainty that occur in reasoning. 
The first is just not being sure of the condition. For example, 
you might have caught sight of an animal only for a moment 
and not be sure if it had a tail or not. This is being uncertain of 
the evidence and is generally easy to deal with. The second 
type of uncertainty is where the evidence is quite clear cut, that 
is you are sure of the facts, but there is no certain connection 
between what you know and the conclusion that you draw. For 
example, you may be sure that the weather is humid but this 
only increases the chances that there will be a thunder storm. 
This form of uncertainty is known as ‘uncertainty in inference’ 
and is the subject that will occupy most of this article. 


Probability 


We are all familiar with the idea of the probability of 
something happening. Even so, most of us have only an 
intuitive idea that the higher the probability the more likely the 
thing is to happen. A probability of zero corresponds to the 
certain knowledge that an event will not happen and a 
probability of 1 corresponds to the certain knowledge that an 
event will happen. So probabilities of 0 and 1 correspond to 
certainty and values in between correspond to uncertainty. 
(You might notice the similarity here between probability and 
boolean logic). The best interpretation that we have of 
probability is in terms of the number of times something 
happens. For example, if you toss a coin a great many times it 
will come up heads roughly half of them. In this sense we can 
say that the statement ‘the probability of getting heads is 0.5’ is 
astatement about what proportion of heads we would expect to 
see in a large number of throws. This idea generalises to an 
interpretation of the probability of other events as the 
proportion of the time that they occur in the long run. 
~.«: “This all sounds like a good solid realistic way to understand 
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probability and it is generally considered to be the best. 
Consider, however, the situation where you are asked to say 
how likely something is to be true or false. In this case it is 
difficult to see how the idea of the number of times something is 
true or false in the long run can be used as an interpretation of 
the probability. For example, ‘what do you reckon the 
probability is that life exists on other planets?’ is a question 
that you might be able to answer. It is difficult though, to see 
how the probability that you give as an answer can be 
interpreted as the number of times you are likely to be right in 
the long run. Even the wildest imagination will find it difficult 
to cope with more than one universe in which to repeat the 
event! There are many ways round this difficulty, but the 
easiest is to abandon the direct interpretation of probability as 
an indication of how often something would occur. Of course 
once you do this you can only use probability as a vague 
measure of how certain you are of something and this is not 
something that can be verified in the same way as the 
proportion of times that something happens — it is in this sense 
subjective. The trouble is that once you abandon the physical 
meaning of probability there is nothing to recommend it over 
and above any other measure of uncertainty! 


Probably uncertain 


Rather than use probability you could choose to work with 
another measure of uncertainty with a different set of rules for 
combining such measure and because the whole thing is 
subjective no one could argue with you! The point is that while 
probability may be just right for summarising our uncertainty 
about some events in the world it isn’t necessarily the best way 
of summarising the way humans ‘feel’ uncertain about 
something. You may be feeling a little sceptical about using 
something other than probability, so in the second part of this 
article we take a look at one such alternative, fuzzy logic. 


The laws of uncertain thought? 


Even though there are philosophical problems when using 
probability in some areas of human knowledge and reasoning, 
it is still the system that we are most used to. For this reason it 
is worth examining how probability could be added to the sort 
of expert system discussed last month. To be able to do this we 
need to look at a little of the theory of probability. The 
probability of an event x is normally written as P(x) which 
should be read as a shorthand for ‘the probability of x’. For 
example, P( heads), is the probability of getting heads when a 
coin is spun, ie. 0.5 if the coin is ‘fair. A slightly more 
complicated but very useful idea is that of ‘conditional 
probability’. This is usually written as P(AIB) and is read as 
‘the probability that A will happen given B Aas happened’. 
(You will find this article easier to read if you get into the habit 
of reading symbols like P(AIB) as ‘the probability of A given 
B’, That is, read P as ‘the probability’ and the vertical bar as 
‘given’). So for example, P( rain) is just the probability of rain 
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but P(rainldark clouds present) is the probability of rain given 
that we already know that there are dark clouds in the sky. In 
other words, a conditional probability is the probability of 
something after including any knowledge that we might 
already have. 

You should be able to see that conditional probabilities are 
something like uncertain IF... THEN ... rules. If you are 
certain about things then you write rules such as IF dark clouds 
in sky THEN rain whereas if you are admitting the existence 
of uncertainty then you would use the rule. 


P( rain this afternoonldark clouds) = .9 


which gives you a reasonable impression of how certain you 
are that IF dark clouds THEN rain this afternoon. 
Conditional probabilities are just a little more difficult to 
use than indicated above because of the problem of finding out 
the actual values to be used. There is, however, a very useful 
mathematical connection between P({ AIB) and P( BIA): 


P(AIB) = P(BIA)P(A) 
P(B) 


Using this simple equation we can work out P(rainlblack 
clouds) from a knowledge of P( black cloudslgiven rain) — 


P(rainlblack clouds) = P(black cloudslrain)P( rain) 
P( black clouds) 


As P(black cloudslrain) can be considered to be 1 (i.e. 
whenever it rains there are always black clouds) this gives — 


P(rainlblack clouds) = P( rain) 


P(black clouds) 

Which makes a great deal of sense if you think about the 
meaning of this final equation. P( rain) is just the proportion of 
time that it rains and P({ black clouds) is just the proportion of 
the time that black clouds occur whether it rains or not! 

This idea of changing P(BIA) into P(AIB) is not only 
practically useful, it forms the basis of the standard method of 
reasoning with probability. Suppose you were sitting in a room 
without any window and absolutely no knowledge of what the 
weather might be doing. Your best estimate of the chance of it 
raining outside would be simply P(rain). That is, simply the 
proportion of the time that it normally rains. In this sense 
P(rain) summarises how much you believe that it is raining if 
you have no other knowledge. If you were given the 
information that there were black clouds in the sky outside you 
would have to revise your belief in rain to take this information 
into account. Using — 


P(rainldark clouds) = P(dark cloudslrain) P(rain) 


P( dark clouds) 
you can change what you believed before the extra information 
became available. Your new belief will be P( rainldark clouds). 
If some more information comes into your isolated roo, e.g. a 
clap of thunder was heard, you could use the same method to 
update what you believed once again: 


P(rainlthunder,dark clouds) = P( thunderlrain) 
P(rainldark clouds) P( thunder) 
and so on. Each new piece of information would be used to 
change what you already believed into a new belief. To do this 
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all you have to do is to multiply the probability that represents 
your old belief by a constant which indicates how much 
evidence the new information provides for or against the belief. 
In the case of rain and thunder for example, the constant is 
P(thunderlrain)/P(thunder). In some extreme cases the 
evidence may be so overwhelming that your belief becomes a 
certainty. For example, if dark clouds never occurred without 
rain and rain never occurred without dark clouds( by the way, I 
known that both these propositions are not true!) then P( dark 
cloudslrain) would be 1 and P( dark clouds) would be the same 
as P( rain), as they would always occur together. Using these in 
the previous equation gives — 
P(rainldark clouds) = 1 P(rain) 


P( rain) 


which at least shows that things work according to common 
sense! 


You should be able to see that this method could be added 
to the expert system described last month. At each decision 
point in the tree you would supply a new piece of information 
which could be used to update the probability of each 
conclusion. Suppose the knowledge tree consisted of only 
three animals — lion, tiger and cheetah. At the start of the 
program the ‘belief that the computer had that each of the 
animals was the one you had thought of would be simply 
P(lion), P(tiger), P(cheetah). If you find this difficult to 
understand compare it with the previous example of weather 
forecasting from the isolated room, where in the absence of any 
information your belief that it was going to rain was P( rain). 
Each time you answer a question or supply some information 
the program would update its belief in each animal being the 
correct solution. For example, telling the program that the 
animal could run fast wouldn’t make the program decide that 
your animal was a cheetah because lions and tigers can also 
run quite fast! Instead it would use this information to increase 
the probability that you had thought of a cheetah more than the 
probabilities of it being a lion or a tiger. However if you gave it 
some information that made the probability of it being one of 
the animals 1, it would immediately give you its decision. In 
many cases, however, even after you had supplied it with 
everything that you knew about the animal it would still not be 
able to tell you certainly what the answer was. Instead it would 
have to report the animal with the highest probability or evena 
number of very probable animals. 

This idea can be gerneralised to more serious and useful 
applications. For example, in the case of diagnosing car faults, 
the expert system would start off with a list of possible faults 
and their probabilities. It would also contain a number of 
probability rules such as P( carburettor faultlsmell of petrol) 
=,.8 or P(hole in petrol tanklsmell of petrol) = .9, which would 
be used to update the initial probabilities as the evidence was 
presented to the program. The final results would not 
necessarily be a clear cut diagnosis but instead would probably 
be a list of possible faults and how likely they were. 


Uncertain evidence 


The previous section discussed the most difficult aspect of 
uncertainty but hasn’t really given a clue as to what todo when 
you are uncertain about the evidence. The answer is sur- 
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prisingly simple and surprisingly unsatisfactory, If you include 
in an expert system a supplementary question such as, ‘‘How 
sure are you(ona scale 0 to 1) of your last answer?” then you 
will collect estimates of the certainty of each piece of 
information that you are going to base your conclusion on. If 
you treat these estimates as probabilities then the correct way 
of using them to estimate the uncertainty in your conclusion is 
rather complicated and depends on knowing the relationships 
that exist between the different pieces of information. As these 
relationships are generally unknown, the usual assumption is 
that they are non-existent and this implies that the correct 
estimate of the uncertainty of the conclusion should be 
obtained by multiplying all the probabilities together. (This is 
because of a theorem in probability that says that if a number 
of events are independent the probability of them all happening 
is the product of their individual probabilities). This sounds 
very reasonable until you notice that .5 times .5 is rather small 
and even if you start out with large certainties, such as .9 the 
final certainty of the conclusion will be very small if you have a 
lot of evidence! Multiplying probabilities gives a very 
conservative estimate of the certainty of the conclusion 
because we are ignoring the relationship between the evidence! 

There is no really acceptable solution to this problem and 
most expert systems invent their own way of dealing with it. 
However there is one method that is appealing because it fits in 
with the topic of our next section, fuzzy logic. Instead of 
multiplying the certainties together the certainty of the 
conclusion is. estimated by taking the minimum of the 
certainties. 


Alternatives to probability 


You may have noticed that although we started out by being 
exact and using probabilities in precise ways, the section on 
uncertain thought introduced the idea that it’s not so much the 
exact values that matter more the way that they show roughly 
how a piece of evidence supports or denies a conclusion. In the 
last section we saw that it was better to not use probability 
methods in estimating the certainty of a conclusion. In fact 
once you start working with beliefs and evidence there is 
nothing to say that you have to use probability at all! An 
alternative system is provided by fuzzy logic which is easiest to 
explain from the point of view of adjectives. If you think about 
the word ‘tall’ and how you use it, you will realise that there is 
an element of uncertainty in how you apply it. It’s not that 
someone has a probability of being tall rather that they are 
more or less tall. A 7ft. person is almost certainly tall but what 
about someone 6ft 6ins, or just 6ft or 5ft 9ins? Tall is clearly 
not something that can be easily distinguished by a yes/no type 
decision, it’s more vague than that. In traditional logic we use | 
to mean true and 0 to mean false and there are no values in 
between. In fuzzy logic you can use ‘truth values’ between 0 
and | and once again 0 means false and 1 means true and 
intermediate values indicate ‘more or less true or false’. For 
example, the answer to the question ‘is he tall?’ might not be a 
clear cut O or | (i.e. yes or no) but .5 or .8 or some such 
intermediate value. 

This idea of using intermediate truth values seems a little 
strange at first but it doesn’t take too long to get used to it. The 
fundamental logic operations AND, OR and NOT generalise 
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quite quickly to fuzzy truth values — 

A AND B becomes MAX(A,B) 

A OR B becomes MIN(A,B) 
and NOT (A) becomes I-A 
irrespective of whether A and B are good old boolean 0/1 truth 
values or fuzzy logic. In other words, even in traditional logic, 
A AND B=MIN(A,B): 


A B AANDB MIN(A,B) 
0 0 0 0 
0 1 0 0 
l 0 0 0 
] | 1 1 


This means that we can work with fuzzy logic and if the truth 
values happen to be zero and one we are doing nothing new — 
obviously traditional logic must be a subset of any new sort of 
reasoning that we are planning to use. From these simple 
beginnings we can go on to develop the whole of logic but now 
using fuzzy truth values. 

There are many aspects of traditional logic that do not 
translate straight into fuzzy logic. This means that you cannot 
just replace traditional logic by fuzzy logic in any given 
application and to date no-one has really managed to work it 
into an expert system in any really convincing way — but it’s 
early days yet! 

One of the exciting uses for fuzzy logic is the description of 
human ideas to a computer. For example. the adjective ‘tall’ 
that was giving us so much trouble earlier could be described 
by a graph showing the truth value for various heights. This 
description is just as easy to convey to a computer as to 
another human. As well as simple descriptions of words such 
as ‘tall’, fuzzy logic can be used to convey vague rules such as 
‘if the boiler is hot THEN ‘turn the heat down’ or IF ‘the boiler 
is very hot’? THEN ‘turn the heat down a lot’. The words * hot’ 
‘very hot’ and ‘a lot’ are all difficult to describe to a computer 
unless you are aware of the idea of fuzzy logic. This is one idea 
that there have been a few applications of, such as controlling a 
steam engine and cement kiln! You may have noticed that we 
have now come full circle. The early parts of the computer 
brain were concerned with the idea of a heuristic rule as 
opposed to an algorithm. Heuristics are vague rules that 
TEND to give you a solution rather than a/ways give you a 
solution. What better way of describing a heuristic than a 
fuzzy rule of the type given above! 


Conclusion 


This month’s computer brain has not included any programs 
because the application of the ideas of probability or fuzzy 
logic would require rather more space than available. This is 
not to say that writing programs using either idea is difficult but 
to find a good convincing example you have to work with a real 
application. However, this article should have provided you 
with enough information to write your own program to analyse 
faults in cars, or even computers!, using measures of 
uncertainty of both evidence and inference. This is both an 
exciting and potentially profitable area of A.I. so be persistent! 


Next month is the last part of the Computer Brain and it is 
time to look back, draw some conclusions and have fun with 
one last ‘intelligent’ program. ESCM 
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Floppy Disc Controller 


Paul Izod and Alan Stirling describe the floppy controller card for our Hi-Res 
computer project. This is the board that brings the FLEX operating system to life. 


The floppy disc controller card is the last 
of the major boards that go to make up 
our Hi-Res computer. With the boards 
so far described and a suitable disc drive 
unit, the, result is a powerful 6809 based 
system capable of supporting the 
powerful FLEX OS. 


Board overview 


This board interfaces up to 4 disc drives 
to the system. They may be any com- 
bination of 54” or 8", single or double 
sided. 54" drives may be single or 
double density, although with a CPU 
clock rate of 1MHz, 8” drives are 
limited to single density. The board 
however has been designed with 2MHz 
operation in mind, so it should be 
possible to use it with 8” double density 
drives. 

There are five spare IC positions on 
the board to allow for,customisation or 
extra facilities. 

The board also has its own oscillator, 
although the backplane clock may be 
used instead. 


The WD2793 in brief 


The floppy disc controller board is built 
around the Western Digital 2793 
Controller/Formatter. This device is the 
interface between the system bus and the 


JULY 1983 


disc drive control and data signals. It is 
similar to its predecessors, the FD179X 
family but has on-chip phase lock loop 
data separator, and write precompensa- 
tion logic. 

A test mode is selected by resetting 
the 2793 and then grounding pin 22. 
This brings out internal timing signals 
for setting up purposes. R3, R4 and C5 
are then adjusted. ce 

The 2793 won't be described further 
here. Those interested should obtain a 
data sheet. 

For a more general description of 
controller chips and their operation, 
“An Introduction to Microcomputers 
Volume 3” by Gerry Kane, is a useful 
reference. 


Assembling the board 


The PCB has a legend to show the 
position of all components and links, 
although as it doesn’t give the value of 
the components, reference to the 
components list will be necessary. 

It is recommended that a socket be 
used for 2793 — take care with its very 
fragile legs. Whether or not sockets are 
used for the other ICs is a matter of 
personal preference. If you decide to use 
them though, turned-pin sockets are 
worth the extra money. It is suggested 
that dual-in-line switches are used in link 
positions A, B, C and F. 


If the backplane clock is to be used for 
the 2793 then carefully cut the track 
marked INT-CLK (above IC10) and 
add a short link EXT-CLK. 

Construction is now straightforward. 
If sockets are used, then solder these in 
first, followed by the passive com 
ponents. This is because clearance 
between the components and sockets is 
sometimes small and difficulty may 
otherwise be encountered with bulky 
sockets. 


The solder-resist coating will mini- 
mise the effects of solder splashes etc., 
but it would be prudent to insert the 
board into the subrack from time to time 
during assembly, to check that the 
system still works. 

Take care with the orientation of SIL 
resistor packs R17-20. The “‘common”’ 
connection is marked with a dot on both 
the resistors and the legend. 

Note that IC27-31 are the spare 
positions. 


Setting up 

It has been possible to set up all the 
boards built so far quite accurately, 
without test equipment. 

Turn trimpots R3 and R4 anticlock- 
wise 24 turns to ensure that the end of the 
track is reached. Advance R4 by 9 
complete turns. This should set the write 
precompensation to about 200ns 
(clockwise to decrease pulse width). 

R3 should be advanced by 13 com- 
plete turns to set RPW (the data 
separator circuit) to roughly % of the 
read clock, 500ns for 8” single density. 

Rotate C5 until the fixed and moving 
vanes make an angle of 90°, 

If an oscilloscope is available, pro- 
ceed as follows: 


1 Set drive @ to 8”, and TEST switch 
to “off”. 

2 Insert board, press reset and set 
TEST switch to “on”. 

3 Observe pulse width on pin 31 of the 
2793, and adjust R4 (WPW) for the 
desired value of write precompensa- 
tion. 200ns is suggested. 

4 Move probe to pin 29 and adjust R3 
for a pulse width of 500ns. 
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Figure 3. The overlay of the floppy card. Only the upper foil track is shown. 


5 Monitor internal VCO frequency on 
pin 16. Set this to 250kHz using C5. 
6 Return TEST to “off”. 


Summary of links 

A- Single/double sided. “off’ or open- 
circuit for double-sided. 

B — Write protect. “on” or shorted to 
ground to write protect. 

C - Drive size. “‘off’ for 8”. 

(The numbers 0-3 refer to the drives). 
D-HLD connector to pin 18 of SOW 
connector, May be cut. 

E — Optional header for drive select 
lines. 

F — TEST. Used only for initial setting 
up. 


INT-CLK — 2793 clocked from the on- 
board oscillator. 
EXT-CLK - Option to clock 2793 from 


8MHz on backplane. 
(If this link is made, EXT-CLK must be 
cut). 

E&CM 
PARTS LIST 
Semiconductors 
IC1 74ALS04 
IC2 74ALS32 
IC3 74LS175 
Ic4 74LS682 
IC5 74LS245 
IC6 74LS14 


PROJECT 


IC7 74LS195 
ICc8 74LS10 
Ic9 74ALS74 
1C10 74LS$293 
IC11 WD2793 
1C12 555 
lei 74LS08 
IC14 74LS151 
IC15 74LS153 
IC16 556 
IC17 74LS04 
IC18 74LS221 
Ic19 74LS04 
IC20 74LS32 
C21 74LS138 
IC22 74LS158 
IC23 74LS157 
IC24 74LS642-1 
1C25 74LS641-1 
1C26 74LS642-1 
1C27-31 SPARE 
D1 IN914 
D2 Miniature LED 
Crystal 

Xtal 4MHz 
Resistors 

R1, 5, 6, 7, 11, 15 1k%4W 
R2, 12, 14 | 10k*4W 
R3 50k Trimpot, %4” 
R4 10k Trimpot, %4" 
R8 390k 4 W 
R9 4M7 %4W 
R10 4k7 %4W 
R16 220R%4W 
R17 270R x8 SIL 
R18 330R x 8 SIL 
R19 270R x8 SIL 
R20 330R x 8 SIL 
R21 10k x 13 DIL 
Capacitors 

Cr, C2 47u.25V Solid Aluminium 
C3, C12 47n Monolothic Ceramic 
C4 100n Monolithic Ceramic 
C5 6-65p Trimmer 


C6, C9, C11 10n Monolithic Ceramic 


C7, C10, C13 4u7 35V Tantalum 
C8 33p Sub. min, Plate Ceramic 
C14 330p Polystyrene 
C (eleven) 100n Monolithic 

(bypass caps) 
Miscellaneous 


A, B, C 4-SPST DIL Switches, 
F 2-SPST DIL Switch, 34 Way & 50 
Way Speedbloc PCB Mounting Plugs. 
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COMPUTER PRODUCTS 


THE SORD M5 


Is the Sord mightier than the pen of Gary Evans — find out with his review of a 
new entry to the home computer market place. 


2 Oe toe 
Pee ee ee 


The Sord MS is rather an enigma. On the surface the machine 
is a new entry into the highly competitive consumer battle 
ground of the £100-£200 home computer/ games market. Both 
the MS’s price and its base specification mean, however, that 
for a late entry to this market, the machine is saddled with less 
than instant appeal. Any ‘skin depth’ assessment of the M5 
would however though, be in danger of dismissing a machine 
that is worthy of close attention. 


Mightier Than The 


In appearance, the Sord MS is very similar to the Spectrum, 
the 55 keys that make up the keyboard having a similar feel to 
the Sinclair machine, although being fabricated of a firmer 
material, their action is more positive. The similarity with the 
Spectrum extends to the processor, a Z80 running at 
3.58MHz yet the MS is not a Spectrum clone, The differences 
between the two machines are very apparent upon closer 
inspection, 
Table 1. The M5’s specifications. 


CPU ZO04 (3.58 MHz} 
4 Channel Z804-CTC 


ROM &k byes, expandable up ta 16k bytes by expansion cartridge 
RAM: 20k bytes (ol which +é6k bytes are Used for video). Expandable up to 32k bytes in 
4k-byte Increments, by expansion box 


55 keys. & shitts 

Alphabetic: upper lower case letters, numerics, symbols Graphics patterns 
$4 hyoes 

BASIC statements: 28 hypes 


46 display colours, character-pattern screen (plain) 2. bockgraund screen (back 
plain) 1, animation screen (sprite) 32. screan modes: 4 types 

@ Graphic | mode 8 x8 dots 32 columns x 24 bnes 

@ lex mode 68 dots 40 columns x 24 lines 

@ Multi-colour made: 4 x4 dats 64 columns x 48 lines 

256 x 192 dats (full-graphic) 


3 chords 1 noise 7 special sounds 

RF output ferminat RCA phono jack: NTSC 

Video output terminal RCA jack NISC composite video output 

4 Veo 75 ohms 

Sound output terminal: RCA pin jack; output voltage 1 ¥pp Joypad 
terminals: 6-pin mini-DIN x 2 (L & R> 

Audio cassette terminal: &-pin BIN, with a Remote terminal Writing speed 2000 bits’s 
Printer terrinak Special 16-pin flat+cable connector based an the 
Centonics interace 

Carthage terminal mlernal bus 546-pin edge connector 

Power Supply terminal 4-pin DIN 


Timer 


Memory 


Keyboard 


Display 


@ Graphic Il mode 


Synthesizer 
Intantaces. 
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The MS’s specifications are outlined in Table 1 and from 
this it can be seen that the way in which the Sord’s memory is 
configured is rather unusual. Followers of the E& CM Hi-res 
Computer will be familiar with the philosophy of dividing 
system memory between video display RAM and user RAM. 
The Sord uses a similar dedicated video control IC (more on 
this later) and separate areas of dedicated RAM. Thus the 
20K of RAM featured in the M5’s basic specification is 
configured as 16K video display RAM and 4K user RAM. By 
the time various housekeeping and variable storage require- 
ments are fulfilled by the ‘user RAM’, there are only about 3K 
bytes available for user programs. 

The fact that there will never be a conflict between the two 
areas of RAM means, that even in a hi-res graphics mode, 
these 3K bytes of user RAM will still be available — programs 
will not be ‘squeezed out’ as the display’s memory demands 
increase. The small amount of user RAM will, even if the 
above is borne in mind, conjure up images of the ZX81°s 
memory shortcomings and, with the market being used to 
machines that feature 48K of memory, this area of the M5 
specification may well make many people think twice about 
the machine. 


ROM In A Box 


The way in which the M5’s ROM is packaged is also a 
departure from the trends set by the machine’s most likely 
competitors. The Sord provides 8K of ROM on board, this 
providing the MS’s monitor and housekeeping routines, with 
additional ROM being added to the computer by way of its 
cartridge expansion slot. Up to 16K of additional ROM canbe 
added in this way — the machine being supplied with one 
cartridge providing an Integer only Basic — BASIC I. 


Starting Out 


In addition to the BASIC — I cartridge the MS is supplied with 
a separate power supply, two manuals and a cassette tape that 
features a program to aid tuning a TV to the frequency of the 
Sord’s modulator (the usual Ch. 36) as well as two games 
programs. 

The first of the manuals is designed to enable even a 
computing tyro to get the machine up and running, with large 
diagrams of the way in which the various components fit 
together being the order of the day. The power supply and 
cassette recorder both plug into the computer via DIN 
connectors but it’s nice to note that the connectors are, 
respectively, of the six and eight pin variety and thus there is no 
possibility of damage to the MS by confusion as to which is 
which. Confusion does arise, however, when it comes to 
connecting the three jack plugs at the other end of the cassette 
lead to a recorder. Although each plug is colour coded, the 
manual makes no mention of which plug is which. No damage 
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can be done to either computer or recorder if the plugs are used 
in the wrong order and, as the 2.5mm plug is definitely for 
controlling the remote option, it’s only a choice between the 
two 3.5mm plugs that has to be made. Of these logically(?) the 
red plug is for recording a program and should be connected to 
the recorder’s mic socket. 

Video output from the computer is either via the RF 
section of the TV to be used as the monitor or from the M5’s 
video output socket that supplies a standard composite video 
output. 


BASIC I 


The MS will not function without a cartridge in position and 
thus before switching power on the BASIC ~ I cartridge should 
be slotted into the computer. The cartridge is pushed into a slot 
on the top surface of the machine and fits snugly with no 
possibility of any ‘wobble’. 

The separate power switch provides an on/off switch that 
is most welcome as it means its not necessary to grope around 
for the mains plug to reset the MS if it ever locks up. 

With BASIC — I up and running the computer provides a 
fairly standard basic package, if a rather limited one, coping 
only with integer arithmetic. The FUNC key to the upper left 
of the keyboard allows single key entry of many basic 
keywords (again reminiscent of Sinclair basic) although all of 
these can be entered in full, Although the keywords are entered 
“at a stroke’ they do not appear to be stored as tokens but rather 
as their equivalent ASCII strings — thus the M5 does not 
differentiate between commands entered with the aid of the 
FUNC key or those typed in full. 

The CNTL key, just below the FUNC key, in conjunction 
with various other keys, allows full control of the cursor for 
editing text and placing the MS into its various display modes. 

Although integer only, BASIC — I does provide a number 
of ‘up-market’ functions. AUTO for example allows auto- 
matic line numbering and a number of commands associated 
with the graphics IC provide powerful, if limited control of 
graphics blocks. A full list of BASIC — I functions appears in 
Table 2, 

Entering programs was made easy by the nice feel to the 
keyboard and the fact that each key press was acknowledged 
by a ‘bleep’ reproduced via the TV set’s speaker. 
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BASIC - G 


Although the M5’s specification proclaims that the machine is 
capable of sophisticated graphic and sound generation, the full 
power of these facilities cannot be realised without the 
BASIC - G cartridge. For example, the BASIC — I manual 
makes no reference to sound generation, and although we 
managed to get the M5 to squeak and squeal by using the OUT 
command, any music generation was out of the question 
(excuse the pun). 

With BASIC - G resident the full power of the M5’s Texas 
video controller is realised. This IC uses a sprite based system, 
with graphics being displayed on a number of sprites (planes) 
numbered from 0 to 31. There is no room here for a lengthy 
explanation of sprites ‘but briefly’ a sprite is a dot matrix 
(varying in size from 8 x 8 to 16 x 16). Sprites can be assigned 
to one of 32 planes with various BASIC — G commands 
controlling the attributes and movements of a sprite on any 
specific plane. 

An interesting aspect of the sprite system is that a sprite on 
level O will always occlude sprites on planes with a higher 
number. Thus by careful selection of sprite level when building 
up a graphic display, the relationship between the movement 
of foreground and background objects can easily be defined. 


Table 2. The commands available with BASIC-I. 


Direct Commands Screen Control Commands 


Loc 
MAG 
scoD 
SCOL 


STCHR 


VIEW 
WPOKE 
Functions 
ASCII 
CHRS 
HEXS 
INKEYS 
LEFTS 
LEN 


MIDS 


“PRINT #2, RIGHTS 
READ a VAL 
RESTORE a 

Operating Commands _ 

“SAVE 7 - CURSOR 
“SAVE a 
TARE __ 

VERIFY 

Program Commands 
CALL 
DIM 


END 
FOR-TO-STEP 
GOSUB 


GOO 
IF-THEN- ELSE 


RETURN 
_STOP 
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Sound Generation 


An additional dedicated IC endows the M5 with an easy to use 
and sophisticated sound capability. A typical command would 
be 


PLAY “EGAGEGAG”, “CBA” 


The PLAY command, followed by the notes designation is all 
that is required to generate music and enclosing two sequences 
of notes in the same PLAY statement generates harmony — up 
to three notes can be generated simultaneously. The M5 also 
allows for varying the volume level of the notes produced and 
to alter the rhythm of the music generated. 

The addition of BASIC — G also adds the RENUMBER 
command to the BASIC as well as allowing the joystick ports 
to be read. These will return a value from 0 to 8 depending on 
the direction of the joy pads control. 


FALC 


Another cartridge available for the MS is FALC. This is a 
versatile data handling package that allows a wide range of 
information to be entered and manipulated. Again, there’s no 
room here to go into a detailed look at the package, it deserves 
a review in its own right, but it is an easy to master and 
powerful data management system. 

The addition of the FALC cartridge also provides a 
floating point capability. 


Interfaces 


In addition to the joystick interfaces, the M5 features a 
centronics type printer port. Table 3 shows the connections 
and it should be possible, with perhaps a fudging invertor or 
two, to drive any parallel printer directly from the M5. 


Rounding Off 


The Sord M5 is produced to a very high standard. A look 
inside reveals well designed boards with plenty of shielding in 
evidence to obviate RF interference. No‘ bodge’ boards visible 
either, a sign that the Sord is not a machine that has been 
rushed onto the market. It’s unlikely therefore that any nasty 
hardware or software bugs are likely to rear their heads, 
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At £190 the Sord is an expensive machine and for this 
price, the fact that only 4K of user RAM is provided and that 
the basic is integer only, must be seen as a minus. Adding 
BASIC — G (which at £34.95 pushes the price beyond the 
£200 level), does however provide an excellent games 
machine. 


Table 3. The Sord MS5’s printer port pin assignment. 


PSTB 


GND 
PD2 
PD4 
PD6 
PD8 

PBUSY 

GND 
PSTS 


Pin 2 
Pin 4 
Pin6 
Pin 8 
Pin 10 
Pin 12 
Pin 14 
Pin 16 


Adding BASIC - F, the floating point package, again at 
£34.95, will turn the M5 into a powerful maths/scientific 
computer while FALC turns the M5 into a tidy information 
management machine, 


A series of games cartridges are also available — these 
include Tank Battalion and Word Maze, while the cassettes 
for the M5 each feature two games, a few from the range of 
seven at present available being Solitaire/Tower of Hanoi and 
Black Jack/Slot Machine, 

The one M5 add-on not yet mentioned as regard to price is 
the pair of Joysticks — these weigh in at £24.95 the pair. 


Last Word 


The MS is being marketed very much on its quality and 
reliability, and it certainly lives up to its promise in these areas 
at least as far as the MS itself goes. The manual provided with 
the Basic-I cartridge leaves a lot to be desired with many of the 
functions receiving scant, if any mention. A supplement to the 
manual is being prepared however and should be supplied with 
the M5s that are sold over the counter. 

The M5 was well liked, and if potential owners accept that 
quality must be paid for, it should prove a good buy. In Japan 
17,000 M5s were sold in the first three months of this year, 
with production running at 23,000 units. The failure rate of 
MSs in the field was quote ‘very low indeed’, 


Post Script 


The M5 is also to appear under the banner of Computer 
Games Limited. CGL’s name may not be too familiar, but the 
company have been involved in the distribution of Computer 
Games from the early days of the Fidelity Chess Computer. 
The M5 moves them up-market from their ‘game & watch’ 
distribution set-up, but their established links with many of the 
major High Street outlets will mean that the M5 will have a 
very high profile from ‘day one’. 

Even with this degree of exposure though, the M5 will 
probably struggle to achieve volume sales without a significant 


drop in price. E&CM 
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READERS LETTERS 


Spanish ZX Club 


We're the best ZX User’s Club in 
Spain. We edit monthly a newsletter 
30-40 pages each. 

We teach Free basic courses each 
week. 

We meet every day from 18 to 
19.30 p.m. We do make free 
interchange of programs. We even 
have our own Pet “ZX Captain’. To 
contact us, write to:- 

Mr. C. Benito, 

P.O. Box 3253, 

Madrid, 

Spain. 


Dear Sir, 

The fact that ZX computers are 
spreading like wildfire can only be 
explained by the rather too seductive 
Sinclair Basic. Any other program, 
consisting to a large extent just of 
‘noughts and crosses’ is suitable for 
experts only. 

The Cambridge boys gave Sinclair 
and the world a simple method of 
communication between machines and 
ordinary homo sapiens. 

K. A. Meyer 

Sidney 

Australia 


Dear Sir/Madam, 

In the April (1983) edition of your 
magazine (page 62) there was an 
article to convert a colour television 
set into a colour monitor, using a BBC 
(model B) micro. Please could you tell 
me if it is possible to do the same 
conversion to a Triumph CTV 8200 
model, as the conversion shown is for 
a Ferguson TV. 

I have enclosed a circuit diagram of 
my TY, so if any alterations are 
needed you could let me know. 

Yours sincerely, 

Matthew Hawder 
Sheffield 
S. Yorks. 


We have had a lot of letters along 
the lines of yours, Mr. Hawder, and 
unfortunately cannot be of much help. 
The conversion relies on the fact that 
the TV set to be operated on features 
the TDA3560 video processing IC. If 
the circuit diagram or a TV set 
reveals that this IC is indeed at the 
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heart of the video circuitry, it should 
be possible to go ahead with the 
conversion as outlined in the article. 
If this is not the case, very different 
techniques would have to be employed 
and we are not in a position to supply 
such information. 


Dear Sir, 

I am dismayed that on many 
occasions I buy a copy of your 
excellent magazine only to find that an 
article of particular interest to myself 
has been split into two or more parts 
and that I must wait an exasperating 
four weeks before the next installment 
appears. Please, please publish all the 
details of an article in just one part. 

Noel Holban 

London SW 


We'd like to be able to do just that 
Mr. Holban, but we just do not have 
enough editorial pages available to 
do so. In order to publish some of our 
projects in one issue might eat up 
10% — 20% of our pages. Adopting 
that sort of strategy would seriously 
disturb the variety and range of items 
published in an issue and it’s this 
variety that we’re keen to maintain, 

If any other of our readers have 
any comments on this matter or on 
the advisability or not of publishing 
page after page of software listings, 
please write and let us know. 


Dear Sir, 

In your ‘Comment’ article of the 
May issue of E&CM you made no 
apologies for NOT being a first time 
users magazine. Fine — I’ve no 
objection to playing with the big boys; 
but then you have the brass neck to 
publish a review of Dragon software 
that consists entirely of games! 

Are there no wordprocessors? No 
spreadsheats (are there?). No 
databases? How about an article on 
using Compusense’s DASM & 
DEMON? Are there no brave 
publishers willing to take use ingenues 
by the hand and sell us the sacred 
books that will initiate us into the 
mysteries of Assembler and Machine 
Code? Is Dragon Forth worth a fig? 
(Sorry!). I think you get my drift. 


Would you also consider an article 
on basic techniques such as 
soldering/desoldering etc? What sizes 
of iron to use? What flux? How does 
one desolder and reconnect one tiny 
item on a PCB without melting 
everything around it? How about the 
elements of making up a PCB? 

A review of basics from time to 
time, even for the elite, can do no 
harm and not a little good. Is there a 
book on the subject you could 
recommend? 

Strength to your elbow. 

Yours faithfully, 

D. L. George 
Shoreham-by-Sea 
West Sussex 


Yes, we get your drift Mr. George, 
perhaps this month’s Wordwise and 
View reviews are more up your street. 
We'd also planned an excellent 
article on the BBC's assembler but 
you'll have to wait until next month 
for that as we ran out of pages this 
month. 

On the subject of basic 
constructional techniques, watch out 
for a new series starting soon. 


House Style 


Some magazines feature regular half 
page appeals for authors. We're not 
about to start a similar advertising 
campaign as we have a regular flow of 
quality articles arriving at our offices — 
that’s not to say we don’t want you to 
keep them coming though. 

We do get a number of requests for 
guidance on the style of articles though, 
so here are a few words on the subject. 

Articles should, in general, be about 
2000/3000 words in length and be 
typed, double spaced, with wide 
margins. All diagrams should be on 
separate sheets of paper and should be as 
clear as possible. If appropriate, 
photographs should be enclosed, each 
having a brief description attached to 
them. 

Any material submitted should not 
contain any original artwork and you 
should keep a copy of your manuscript. 

We aim to acknowledge all articles 
submitted by return and to assess them 
within a period of four to six weeks. 
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Spectrum Image Processor 


Part 2 


Richard Sargent and Robert Harvey describe a higher resolution version of their 
image processing system described last month. 


Resolution v. Brightness Levels 


The first display program used the 
Spectrum Attributes and gave us a 
reasonable spread of brightness levels, 
from 0 to 7 but this was quite fortuitous. 
The reason the Attributes were used at 
all was for simplicity of coding. They 
cannot be printed out because they 
represent paper colour, and they forced 
upon upon us the acceptance of ex- 
tremely coarse resolution, 24 x 32. Each 
Attribute “building block’ also consists 
of 64 pixels, but these were not being 
illuminated, Let us forget the Attributes 
and concentrate upon the pixels. There 
are 256 across the screen and 192 down 
the screen. Each can either be illuminated 
or not illuminated. If we are prepared to 
accept just these two brightness levels, 
on and off, then we can have a picture 
resolution of 256 x 192. This is one 
extreme. Now consider the building 
block of 64 pixels. This is a character 
square, eight by eight. We could arrange 
the pixels within a character square to 
give 64 different shades of brightness by 
arranging 64 different types of character 
square, each with a dot density changing 
in increments of one from zero to sizty- 
three. But we would be back to a resolu- 
tion of 24 x 32. Clearly there is a trade- 
off between resolution and levels of 
brightness and it is possible to reach a 
happy medium. The Spectrum character 
square is 8 bits/1 byte wide. If we 
construct a square 4 bits/1 nibble wide 
then we achieve a resolution of 48 x 64 
and each square can take on one of 16 
levels of brightness because it contains 
16 pixels. Working in “nibbles” will 
present no problems at machine-code 
level. Fig. 1 shows the 16 ‘‘Mosaic” 
patterns chosen to represent the bright- 
ness levels. 


The Software 


The core program is essentially un- 
changed. As with the first version we 
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Figure 1. The mosaic patterns held in a table at 7176H. 


only capture as much data as we intend 


to screen, in this case 3072 bytes. Label 
LINES must change to 48 and label 
CTRS$ST changes to9FH. These are the 
vertical and horizontal counters and 
must be changed for the new resolution. 
The calculation of CTR$ST may look 
complicated: It is (Horizontal samples 
* Displacement) + (Finish of scan-1); 
but if it is built up in this manner it is an 
easy matter to experiment with different 
values of displacement, the interesting 
effects of which we shall see later. 


New Display Routine 

As with the previous Display routine, 
the brightness values for all the picture 
points are in RAM starting at location 
“STORE”. This time there are 600H 
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bytes waiting to be processed. Each byte 
is holding a positive number in the range 
0 — FFH, but because of the hardwiring 
bits 7 & 6 do not represent brightness 
data and must later be rejected. There 
are only a maximum of 64 different 
values present, with bit 7 of the ADC’s 
output residing in bit 5 of the memory 
byte and so on down to bit 2 of the 
ADC’s output which is in bit 0 of 
memory. Bits 0 and 1 of the ADC’s 
output were never recovered from the 
ADC interface circuit An AND 3FH 
masks out the unwanted bits 7 & 6 and 
we are left with a brightness value in the 
range O — 64 in the Accumulator 
Register. This number is used as a 
pointer to get into the 64 byte LOOKUP 
table. 
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LOOKUP a brightness level 

In the software example provided there 
is a linear relationship between the 
brightness value 0 — 64 from the ADC 
and the user-provided brightness levels 
0-15 held in the LOOKUP table. This 
relationship can easily be altered. The 
middle of the LOOKUP table holds 
mid-tone values, and these may be 


| replaced by bright values or dark values, 
| thus affecting the contrast of the 
| displayed picture. A simple BASIC 
| program could arrange for the 


LOOKUP table to be changed in a 
sequential and predetermined way thus 
sweeping a tone change across the 
displayed picture. A slow random 


. change imposed upon the LOOKUP 


table will see the displayed picture turn 
gradually into a pattern of square blocks. 

However, any value entered into the 
LOOKUP table must be in the range 
0-15. The software uses this value as a 
pointer into the MOSAIC table where 
the correct pixel mosaic relating to the 
16 brightness values is obtained. 


Mosaic Pattern 


The Spectrum screen as we have seen is 
256% 192 = 49152 pixels in size. It is 
bit-mapped which means that one bit of 
any screen memory represents one pixel 
on the screen itself. It follows that 
49152/8 = 6144 bytes are required to 
hold all the screen information, A 
character square contains 64 pixels and 
requires 8 bytes of screen-memory 
storage. The addresses of these 8 bytes 
do NOT run consecutively, as every 
Spectrum owner must now surely know, 
and many hints have been published on 
how to reference an 8 byte character 
square. Fig. 2 shows the addresses for 
the 8 bytes of the first character square 
(top lefthand corner of the screen, Row 
and Column co-ordinates 0,0). This 
character square is displaying the mid- 
tone mosaic (DEFB 0,6,7,0) in its top- 
left quadrant. 

This arrangement is not as bad as it 
may first appear, since the addresses are 
advancing down the character square in 
jumps of 100H, 256 decimal. If the 
address is contained in register HL then 
the instruction INC H will step on to the 
next address. To make matters a little 
more complicated a new starting address 
must be computed for the beginning of 
every ROW and this in turn will depend 


JULY 1983 


upon which ZONE the ROW happens 
to be in. The Spectrum screen is divided 
into three equal, horizontal zones, each 
being 2K bytes long. The start of zone 1 
is, as we have seen, 4000H. The start of 
zone 2 is Row 8, Column0, 4800H. The 
start of zone 3 is Row 16, Column 0 
S5000H. The last byte of zone 3 is 
address 57FFH. 


ROW-COLUMN to ADDRESS 
conversion 

To maintain sanity the program “thinks” 
in terms of Row-Column co-ordinates 
and uses one short subroutine 
(CONVERT) to calculate the required 
display-file addresses and this routine is 
used by both the display routine and the 
printer routine. 


Address Content Screen pattern 
Rot C= 

60496 Gabe 
its eee 
iti @e66 
ite ogee 


BUILDING THE PATTERN ON 
THE SCREEN 

The correct pattern of pixels, extracted 
from the MOSAIC table is always 4 bits 
wide (a “‘nibble’’). The left-hand side of 
the 8 bit character square is loaded with 
amosaic nibble and later another mosaic 
nibble is loaded into the right-hand side 
of the character square in a manner 
which preserves the left-hand side. The 
instruction is OR (HL), where HL is 
pointing at screen memory. The 


1BH,4BH,LL, HH, dddddddd..,..,0DH 


accumulator is holding a valid low nibble 
and is ORed with the contents of 
memory pointed at by HL, which of 
course already holds a valid high nibble. 
Thus two patterns are loaded into the top 
half of each character square, and we 
have a resolution of 64 across the screen. 
Down screen the resolution is 48. 


OUTPUT TO AN MX80 PRINTER 
The software for the printer routine is 
specific to the MX80, but the principle 
of operation remains the same for most 
of the common dot-matrix bit-address- 
able printers, In “bit-image’’ mode the 
printer acts as though it has 8 wires in its 
print-head, and scans along the paper 
building up a high-resolution image 
which is 8 dots deep for any one graphic 
line. The line itself can be of a specified 
dot-count in length, up to the maximum 
number of dots that the printer can 
manage horizontally. The printer 
expects a full line’s worth of data to be 
transmitted to it, terminated by ODH 
(carriage return), whereupon it will print 
that line out. For the Epson 80 the 
expected format is shown in Fig. 3. 

We can extract the data to be printed 
from the display file of the Spectrum, but 
it is arranged in a horizontal sequence of 
bits within bytes since this is the pattern 
that any TV monitor expects: the TV 
raster expects to build up the TV picture 
one dot-high line at a time. The printer, 
on the other hand, wishes to build up a 
line which is 8 dots-high, and expects to 
find the bits correctly ordered to achieve 
this. 


Rotate And Be Merry 

The program steps through the display 
file in a logical order determined by Row 
and Column co-ordinates, which are 


1B4B aeans “accept LLHH as a binary nuaber representing the 
length of graphic data" Changing 4B to 4C will cause printing 
to be done in “double density" aode : the horizontal axis is 
compressed to S#2 of the original. 


LLHH is the length in standard Isb-first binary notation. 


ddddd.. are the bytes of graphic data. In each byte the anst 
significant bit represents the uppermost dot of the vertical 
eight to be printed. 


Figure 3. Data format expected by the Epson 80 printer. 
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3 
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3 
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PETES E BSL TEET 


SeSdageagaaaaded 


ss 
> 


gg 
eo 
4 


oF 

OF 1B 
oF ID 
OF21 
oF 24 
oF25 
F258 
orzs 
oF 27 
oF 28 
oF 2A 
oF 20 
or2D 
oF 2E 
oFse 
OF 31 
Orsi 
ors 
oFsS 
oF 36 
ors7 
ors? 
OFSA 
oFso 
Fw 
Orage 
orae 
ora 
orae 


The machine code program. 


SPECTRUM TY INTERFACE V3 
pic) A Harvey & R Sargent 


BEERRRREREBRSESE 


4B counts to 
7C counts ta 


«PRINTER? 
March L783 


plast key-press store 

Screen attribute area 

;PSG address-line port 

FPSG data-line port 

yOutput port (to counters) 
jInput port (from ADC chip) 
sBit 6 provides video sync 
3Bit 7 confirms data is valid 
gn TV Lines which are ignored 
sn lines to be scanned 

sUsed in display routine 
}Oisplacesent between points 
qFinish of software scan 


SHSDISP+CTREFN-i;Scan count 


138 us delay 


' 
pline spacing 
' 


48 in half-row increments 
@4 in hahf-coluan incresents 


4 required by “CONVERT* 


a 


SBSCcCS 
monpro 


& 
iz FS 


Rare 
Br 


Rom @ 

pCotuan @ 

pDestination:2546 bytes long 
tConvert BC to HL 

save Row/Column coordinate 
yKeeps track of which bit within 
ya byte is being exasined 


ion of the 64 bits begins 


iSeve the pixel line 

10 will receive bits after rotation 
4@ bytes to be rotated 

sObtain « byte from display file 
pTransfer count value to E 

pShift (Rotate) a bit 

Count down and 

continue shifting 


ry is Valid now 1 Mhatever it 


pie (1 or @) put it into DO 
pGet next pixel line and 
pcentinue until 

38 pixel Lines processed 
qCoapleted byte into A 
yand then inte BUFFER 
pNext byte of buffer 
pRecover ist pixel line 
guntil 64 bits processed 


pALL coluans converted for this Row 
$Send print buffer to printer 


RET}; —--> To 2X 


PoP BC 
RET 


DE @C3H 
DW PRINTER 


DS 30H 
. 
Eau * 
EQU FINI-START 


‘ORG 78D1H 
LOAD 7@DiH 


yPut Epson into graphic mode 
sEecape 


pGraphic mode K 


}9180H bytes being sent 


7Sent buffer data 
3 (256 bytes) 
gto printer 


PUT YOUR JUMP TO YOUR 
SPRINTER DRIVING ROUTINE HERE 


3288 PIO version 
sput here if needed 


j DISPLAY ROUTINE +: Pixel-sosaic version 
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DD21B671 DISPLAY 
sess 


DD7ES@ =86VERTLP 
2F 


e 
> 


= 


35 | jamtaataaen | 


aa 
é 


pCounts the horizontal nibbles 
sCounts the vertical nibbles 


pObtain brightness 

pGoftweare invert 

Mask cut bits 6 & 7 

tow in the range 

1 = 64 

pout this program 

irequires a range 

sof @ - 15 so 

pbegin brightness translation 
means of LOOKUP table 

sMew value in E 

IDE is now an offset value 

+Point to start of pattern table 

sGet offset into H. and 

yeultiply 

pby four 

#80 pointing HL 

pand mow DE at the first byte 

sof @ group of four "pattern bytes* 


fload up « pattern byte 
p0dd or even nibble 7 


One quarter of the mosaic 

tg0es onto the ecreen 

pAdvence DE to geb the next querter 
yDrop pointer down by adding 254 
pend go round to complete sosaic 


pGet next stored byte 
98et nent vertical nibble 


Tf 48 nibbles done, fall through 


TT 


gasteasga agaze é 
we 


TTT by 


er 


Fd 
@> 


gargsess 
6 


» ar escee 


pGet next horizontal nibble 


yIf all 64 nibbles done 
ipicture sosaic complete 


Address conversion 
plee B & C software counters 


yto creste « Gpectrue 
jdiepley-file address in 
register HL 

1oe11leees 


@>r o 


o> § 


soewel lie 


» 


33° 


Be aggess 
HET | 


ua 


@,0,1,1,1 
2,2,2, 2,3,3,35,5 
4,4,4,4,5,5,5,5 
bg by bby 7,7, 757 
6,8,8,8,97,9,9,97 
10,11,10,40,1% 
12,142,412, 12,13,13,13,13 


14,14, 14, 14,15,15, 15,15 


OFH, OF, OFH, OFH, 6, OFH, OFH, FH 
4, OFH, OFH, OEH, 6, 7,0FH, SEH 
2,7, 0FH, OEH, @, 7, 0FH, EH 

0,7, @FH,6,8,6,0FH,& 
8,6,7,6,0; by 6,6 

8, 5,6,2,0,6,6,8 


8,4, 6,0,0,4,4,8 


DS NONTSLINES/2 )488H long 


3ASC 7801 77B4 77B4 Be 
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PROJECT 


Basic loader routines. 


CLEAR 28415 
LET & = 28548 

LETA=A+ I 

READ D 1 POKE A,D 

IF A ¢ 28586 THEN GOTO 1828 
PRINT "Start cassette” 
PAUSE @ 

SAVE "printer" CODE 26549,37 
STOP i$, 15,15, 15,15, 15, 
REM PRINTER DRIVER ROUTINE 6é,7,15, 
DATA au 1s 

» BAS y 62 » 27% gp Oy Th yp 2s S374 =o 1, Ss I ; Bs oes 

962 ¢ ES, 1, Sa 3 BSF ¢ 121 6 FT & Sl... w ZT 

, 203, 71, 32, 256, 241, 1, 31,1, 237, 121, 193, 


Sé@ , 202, 12, 


ie, ie, 1, 
a2; 124 125) iss iS, is, 


4F65 46FAA 10 8 O11 
4F85 CS FS SE CF Ot 1F' @2 ED 79 SE FF ED 79 SE OF B1 
6F95 1F @3 ED 77 @1 1F 68 ED 78 CB 47 2@ FA Fi @1 1F 


LETA=A#1 
READ D : POKE A,D 
IF A < 26548 THEN GOTO 1828 


SFAS @1 ED 77 Ct C? FF O@ FF @@ FF 98 FF 68 FF O@ FF PRINT “Start cassette” 


1608 CLEAR 28415 

181@ LET A = 28808 

1020 LET A= A+ 1 

183@ READ D : POKE A,D 

1040 IF A < 29118 THEN GOTO 1920 
1842 PRINT "Start cassette “ 
1044 PAUSE @ a 

105@ SAVE “mosaic CODE 28681, 229 
10468 STOP 

1878 REM MOSAIC ROUTINE 

1872 DATA 


221, 33, 6, 88, 33, 245, 112, 17, 32, 8, 14, 32, 
6, 24, 221 , 229, 126, 47, 230, 56, 221, 119, @, 221, 
25,35 , 16, 244, 221 , 225, 221 , 35, 13, 32, 233 , 21, 
276, 203, 65, 32,6, 3,8, 7,7 yo 7p Fy 182, 

237 , 193 , 221, 35,4, 129, 254, 48, if 4 


119% , 19 5; 36H, 16 


loaded into the B and C registers, The 
Row and Column method is used so that 
we can use the CONVERT subroutine 
to collect accurate display file addresses 
into the HL register. Meanwhile the IX 
register is pointed at a spare area of 
RAM called BUFFER. The 64 bits 
from the eight widely-separated bytes of 
a display file character square are 
captured, rotated, and placed sequen- 
tially into BUFFER. (HL) is the source, 
(IX) the destination. Rotation is carried 
out in the C register, the amount of 
rotation needed being dependent on the 
state of the B register (Row count). 
Results of rotations are built up in the D 
register. A scan of 32 columns (when 
C=4) will have built up 256 bytes in the 
BUFFER. These bytes are then sent to 
the printer by the routine OUTBUFF. 

A BASIC loader for the printer 
routine is provided, and the screen dump 
command is RANDOMISE USR___. 


Conclusion 


The techniques of processing video 
pictures offers something of a challenge 
to software writers. Computers which 
offer individual pixel colours like the 
BBC micro or the LYNX will provide all 
the shades of tone needed at pixel- 
resolution level, resulting in picture 
resolution approaching that of a 
standard TV picture, 
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62, 27, 205, 13@, 111 , 62, 65, 205, 138, 111, 62,4, 
205 , 138, 111, 62, 13, 205 , 138, 111, 62, 10, 205 , 130, 
111,6,8, 14,6, 221, 33,6, 91 , 205, 22, 13, 

197, 6,8, 229, 22,06,62,8, 78, 88, 23,57, 


27, 32, 251, 203, 


18, 36, 61, 32, 243, 122, 221, 119, 


@, 221, 35, 225, 16, 229, 193 , 12, 12, 121, 254, &&, 
56, 215, 205, OS, 111, 4,4, 120, 254, 48, 56, 199, 


Printer resolution may present a 
problem to which software must provide 
asolution. A square printed by an Epson 
80 is 6 dots wide and 8 dots deep: to get 
the correct aspect ratio of 1:1 either the 
sampling software or the printing soft- 
ware could be altered. 

Driving the time-critical software by 
interrupt is yet another possibility. In the 
present routine, precious micro-seconds 
are wasted as software scans for the end- 
of-conversion signal, and this reduces 
the time available for packing data into 
bytes. The E-O-C signal can trigger the 
non-maskable-interrupt to bring in 
immediately a data packing routine, 
though sadly a bug in the current ROM 
prevents this particular experiment on a 
Spectrum. 


62,0, 205, 136, 111 


201 , 197 , 62, 27, 205 , 130, 111, 62, 75, 205, 138, 111, 
62,1, 205, 138, 111, 33,08, 
ot, 6,8, 126, 205, 138, 111, 35, 16, 249, 2, 13, 
205 , 138, 111 , 62, 18, 205 , 138, 111, 193 , 201, 195 , 133, 
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AIN TE GRATE DEDIAT A 


You will be forgiven if these 
pages promote a feeling of de 
ja vu as these Integrated Data 
pages look much the same as 
last month’s. A number of 
gremlins crept into the pro- 


QUADRUPLE 2-INPUT 
POSITIVE-NANO GATES 


HEX INVERTERS 


| i D- “De | 
it e- | 
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QUADRUPLE 2-INPUT 
POSITIVE-AND GATES 


12 


QUADRUPLE 2-INPUT 
POSITIVE-NAND GATES 
WITH OPEN-COLLECTOR OUTPUTS 


HEX INVERTERS 
WITH OPEN-COLLECTOR OUTPUTS 


QUADRUPLE 2-INPUT 
POSITIVE-AND GATES 
WITH OPEN-COLLECTOR OUTPUTS 


duction of June’s feature 
however and meant that the 
majority of devices were in- 
correctly identified. Sack 
cloth and ashes were the 
order of the month in the 


QUADRUPLE 2-INPUT 
POSITIVE-NOR GATES 


WITH OPEN.COLLECTOR 


TRIPLE 2-INPUT 
POSITIVE-NAND GATES 


TRIPLE 3-NPUT 
POSITIVE-NAND GATES 
WITH OPEN-COLLECTOR OUTPUTS 


QUAL 4.INPUT 
POSITIVE-NAND 
SCHMITT TRIGGERS 


HEX SCHMITT-TRIGGER 
INVERTERS 
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HEX INVERTER BUFFERS/DRIVERS 


HIGH. VOLTAGE OUTPUTS 


proofing department after the 
event — they assure us how- 
ever that everything is in 
order this time. More details 
of TTL pin-outs next month. 


QUADRUPLE 2-INPUT 
POSITIVE-NAND GATES 
WITH OPEN-COLLECTOR OUTPUTS 


07 

(aLfoytoLfol fm) je fn 

hel isk bl 
; | 


femal 


HEX BUFFERS/ORIVERS 
WITH OPEN-COLLECTOR 
HIGH-VOLTAGE OUTPUTS 


TRIPLE 3-NPUT 
POSITIVE-AND GATES 
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TRIPLE 3-INPUT 
POSITIVE-AND GATES 
WITH OPEN-COLLECTOR OUTPUTS 
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* ~' THERE MUST BE A 
COMPUTER DEALER | CAN 
» TURN TO FOR’ *" 
GUIDANCE...’ ¢ 


If you're still staggering through the computer jungle and not getting 
sensible answers to your questions, we have some good news: 

Now you can turn to professional people who are capable of giving you 
sound advice on practically all aspects of popular computing. 

They all have one thing in common: 

They are COMPUTERS FOR ALL dealers. 

A Computers for All dealer is different from the normal Computer retailer. 


Not surprisingly he won't try to sell you things like cameras or cosmetics; 
stationery or sealing wax. 

He will, however, be capable of answering sensibly almost any question 
you have on computers and computing, and have readily available a wide 
range of popular computers, hardware, software, books, and peripherals. 

So why not call in at your local COMPUTERS FOR ALL dealer today? 

He can lead you in the direction you want to travel. 


The shops where people matter: 


AVON 

JADE COMPUTERS 
Coombend, Radstock, Bath 
0761 32570 

“MERCATOR COMPUTER 
SYSTEMS 
3 Whiteladies Road, Clifton, 
Bristol. 0272 731079 
MOBILE MICROS 
2 Castle Street, Thornbury 
Bristol. 0454 418383 
BERKSHIRE 

“KENNETH WARD COMPUTERS 
Verve House, London Road 
Sunningdale, 0990 25025 
CHANNEL ISLANDS 
MEGA LTD. 
7 Antey Street, St. Helier, 
Jersey. 0534 72263 
CORNWALL 

*FAL-SOFT COMPUTERS 
8 St. George's Arcade, 
Falmouth. 0326 314663 
DEVON 

“BITS & BYTES 
44 Fore Street. Ilfracombe, N 
Devon EX34 9JD. 0271 62801 


COMPUTER SYSTEMS 
(TORBAY) 
Pump Street. Brixham 
08045 6565/6 
*CRYSTAL COMPUTERS 
209 Union Street, Torquay 
0803 22699 
DORSET 
DENSHAM COMPUTERS 
329 Ashley Road. Parkstone, 
Poole. 0202 737493 
*WEYTECH COMPUTER 
SYSTEMS 
20 St. Edmunds Street, 
Weymouth 03057 79881 
ESSEX 
* AKHTER INSTRUMENTS 
Unit 19, Arlinghyde Estates 
South Road. Harlow 
0279 412639 
“COMPUTERS FOR ALL 
72 North Street, Romford 
0708 752862 
*EMPRISE LTD. 
58 East Street, Colchester 
0206 870353 


“EMPRISE LTD. 


3a Baddow Road, Chelmstora 


0245 356834 
HANTS 

HOME COMPUTER CENTRE 
(ROSS RECORDS) 


13 Kingston Road. Portsmouth 


0703 819515 

MICRO VIDEO STUDIOS LTD. 
17 Turks Street, Alton. 0420 
82055 

HERTS 

VIDEO CITY COMPUTERS 
45-47 Fishers Green Road 
Stevenage. 0438 53808 


KENT 


*APHROS SOFTWARE CO. 


LONDON 

EUROCALC 

224 Tottenham Court Rd. 
London W1. 01-631 4139 
KAYDE HOME COMPUTERS 


1 Station Approach, New Eltham, 


London SE9. 01-859 7505 
*KELLY'S COMPUTERMARKET 

227 Dartmouth Road. 

Sydenham. London SE26 40Y 

01-699 4399/6202 

MIDDLESEX 

MAYFAIR COMPUTER 

SERVICES 

6 Main Avenue, Moor Park 

Northwood. 09274 20664 
*TWILLSTAR COMPUTERS 


83 Canterbury Road. Westbrook, 17 Regina Road. Southall 


Margate. 0843 23627 
*MEDWAY COMPUTERS 
141 New Road, Chatham 
0634 826080 
*MICRO MAGIC 
128 Erith Road. Bexleyheath 
0322 523052 
LEICS 
DIMENSION 
27-29 High Street. Leicester 
0533 57479 


01-574 $271 
N. IRELAND 
D. V. MARTIN LTD. 
13 Bridge Street, Beltast 
BT1 1LT. 0232 226434 
NORFOLK 

*CARLTON COMPUTERS 
4 Swanstons Road. Great 
Yarmouth, NA30 3NQ 
0493 58898 


SHETLANDS 
“TOMORROW'S WORLD 


Esplanade, Lerwick, ZE1 OLL 


0595 2145 
SUFFOLK 
BECCLES COMPUTERS 
5 The Ridings, Worlingham 
Beccles. 0502 715061 
SURREY 

*ANIROG COMPUTERS 
ae Street. Horley. 02934 
200 


COMPUTASOLVE 

8 Central Parade, St. Marks 
Hill, Surbiton. 01-390 5135 
SUSSEX 

THE COMPUTER CENTRE 
(BMS) LTD. 

37d & 37e Robertston Street. 
Hastings. East Sussex. 0424 
439190 


S. WALES 

AUTOMATION SERVICES 

(S. WALES) 

3 Wermeys Road, Penystai 

Bridgend. 0656 720959 

DAN EVANS (BARRY) LTD. 

81 Holton Road, Barry, South 

Glamorgan. 0446 734242 

MICRO-CARE COMPUTING 

18 Hawarden Road. Newport. 

Gwent. 0633 278040. 
“MORRISTON COMPUTER 

CENTRE 

37 Clase Road. Morriston, 

Swansea SA6 8DS, 0792 

797572 

STEVE'S COMPUTER CO. LTD. 

Castle Arcade, Cardiff. 0222 

41905 


WARWICKSHIRE 
Pm LSE MICRO SYSTEMS 

LTO. 

6 Central Chambers, Cooks 

Alley, Wood Street, Stratford: 

upon-Avon, 0789 295819 


west MIDLANDS 


200 Earlsdon Ave, North 
Earlsdon, Coventry. 0203 
73813 
WORCESTERSHIRE 

* DEATH VALLEY COMPUTERS 
P.O. Box 54, Worcester WA2 
6OA, 0905 640400 
EVESHAM COMPUTER CENTRE 
Crown Court Yard, Bridge St 
Evesham. 0386 48635. 


= 
COMPUTERS 


